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PEEFAOE. 


^  Ai^THOUGH  the  modem  railway  syBtem  is  bat  about  fifty 
i  years  old,  yet  its  growth  has  been  so  rapid,  aad  the  progress 
^in  the  science  of  railway  construction  so  great,  as  to  render  the) 
(Milier  technical  books  on  this  subject  inadequate  to  the  needs 
i  of  the  engineer  of  to-da'. . 

S  In  the  course  of  his  practical  experience  as  a  railway  engl- 

Saeer,  the  author  was  strongly  impressed  with  the  want  of  a 

jbnore  complete  hand-book  for  field  use,  and  finally  concluded, 

at  the  solicitation  of  his  friends,  to  undertake  the  preparation 

of  the. present  volume. 

The  aim  in  this  work  has  been: 

Fifnt—l^o  present  the  general  subject  of  railway  field  work 
ia  a  progressive  and  logical  order,  for  the  benefit  of  beginners. 
Second—To  classify  the  various  problems  Jp>*e8ented,  so  that 
fliey  may  be  readily  referred  to.  ^d^r 

Third— To  embrace  discussions  of  all  the  more  important 
practical  questions  while  avoiding  matters  non-essential. 

Fourth — ^To  employ  throughout  the  work  a  uniform  and 
syst^natic  notation,  easily  understood  and  remembered,  so 
that  after  one  perusal  the  formulae  may  be  intelligible  at  a 
glance  wherever  referred  to. 

Fyth— To  express  the  resulting  formula  of  everv  problem 
in  the  shape  best  adapted  to  convenient  numerical  compu- 
tation. 

Siseth — ^To  furnish  a  large  variety  of  useful  tables,  more  com- 
plete and  extended  than  any  heretofore  published,  especially 
adapted  to  the  wants  of  the  field  engineer. 

An  elementary  knowledge  of  algebra,  geometry  and  trigono- 
metry on  the  part  of  the  reader  has  been  taken  for  granted,  as 
a  command  of  these  instrumentalities  is  deemed  essential  to 
the  education  of  the  civil  engineer.  The  few  references  to 
mechanics,  analytical  geometry,  optics  and  the  calculus  may 
be  assumed  correct  by  those  not  conversant  with  these 
branches. 
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iV  PREFACE. 

Many  of  the  problems  in  curves  are  new,  yet  there  is  hardly 
one  that  has  not  presented  itself  to  the  author  in  the  course  of 
his  practice.  The  investigation  of  the  valvoid  curve  is  original, 
and  though  the  mathematical  discussion  is  somewhat  difficult, 
yet  the  resulting  formulae,  taken  in  connection  with  Table  X, 
are  exceedingly  simple  and  convenient  for  the  solution  of  a 
certain  class  of  problems. 

The  treatment  of  compound  curves  is  novel  and  exhaustive. 
A  few  general  equations  are  established,  which,  by  slight 
modifications,  solve  all  the  problems  that  can  occur. 

No  discussion  of  reversed  curves  is  given,  because  these  are 
inconsistent  with  good  practice,  except  in  turnouts,  under 
which  head  they  are  noticed. 

The  chapter  on  levelling  includes  a  discussion  of  stadia 
measurements,  with  practical  formulae.  The  chapter  on  earth- 
work contains  a  review  of  several  methods  for  calculating 
quantities,  and  states  the  conditions  imder  which  these  suc- 
ceed or  fail  in  giving  correct  results. 

Among  the  tables,  numbers  3,  5,  6,  10,  18,  10,  26  and  29 
are  original.  The  adoption  of  versed  sines  and  external 
secants  throughout  the  work,  wherever  these  would  simplify 
the  formulae,  rendered  necessary  the  preparation  of  tables  of 
these  functions.  The  table  of  logarithmic  versed  sines  and 
external  secants  has  been  computed  from  ten-place  logarithmic 
tables  of  sines  and  tangents,  so  that  the  last  decimal  is  to  be 
relied  on,  and  no  pains  have  been  spared  to  make  the  table 
thoroughly  accurate. 

Tables  numbers  4,  7,  8,  9,  11,  12,  13,  14  and  30  have  been 
recalculated,  enlarged,  and  some  of  them  carried  to  more  deci- 
mal places  than  similar  tables  heretofore  published.  The 
intention  has  been  to  give  one  more  decimal  than  usual,  so  that 
in  any  combination  of  figiu*es  the  result  of  calculation  might 
be  reliable  to  the  last  figure  usually  required. 

The  tables  which  have  been  compiled  and  rearranged  are 
numbers  1,  2,  15,  16,  17,  24,  25  and  31.  The  tables  of  log. 
sines  and  tangents  here  given  are  the  only  six-place  tables 
which  give  the  difEerences  correctly  for  seconds.  The  table 
of  logarithms  of  numbers  is  accompanied  by  a  complete  table, 
of  proportional  parts,  which  greatly  facilitates  interpolation 
for  the  fifth  and  sixth  figures. 

In  all  the  tables,  whether  new  or  old,  scrupulous  care  hw 
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been  taken  to  make  the  last  figure  correct,  and  the  greatest 
diligence  has  been  exercised  by  various  checks  and  compari- 
sons to  eliminate  every  error.  It  is,  therefore,  hoped  and 
believed  that  a  very  high  degree  of  accuracy  has  been  ob- 
tained, and  that  these  tables  will  be  found  to  stand  second  to 
none  in  this  respect. 

The  preparation  of  this  work  has  extended  over  several 
years,  as  time  could  be  spared  to  it  from  other  engagements. 
It  is,  therefore,  the  expression  of  deliberate  thought,  based  on 
experience,  and  as  such  is  submitted  to  the  judgment  of 
brother  engineers.  If  it  shall  prove  to  have  even  partially 
met  the  aim  herein  announced,  and  so  shall  serve  to  smooth 
the  way  of  the  ambitious  student,  or  to  assist  the  expert  in  his 
responsible  duties,  the  labors  of  the  author  will  not  have  been 
in  vain.  Wh.  H.  Beablbs,  G.E. 

Nkw  York,  March  1st,  188a 
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FIELD  El^GrN-EEEING. 


CHAPTER  L 
Rbconnoissance. 

1.  The  engineering  operations  requisite  to  and  preceding  the 
construction  of  a  railroad  are  in  general: 

ThB  RSGONIirOISSAlfCB, 

The  Pbeliminary  Sdbvby,  and 

I'HB  LOCATIGIY. 

2.  The  BeeannoisMnce  is  a  general  and  somewhat  hasty 
examination  of  the  country  through  which  the  proposed  road 
is  to  pass,  for  the  purpose  of  noting  its  more  prominent 
features,  and  acquiring  a  general  knowledge  of  its  topography 
with  reference  to  the  selection  of  a  suitable  route.  The 
judicious  selection  of  a  route  may  be  a  very  simple  or  com- 
plex problem,  depending  on  the  character  of  the  topography, 
and  more  especially  on  the  direction  of  the  streams  and  ridges 
as  compared  with  the  general  direction  of  the  proposed  road. 

3*  A  road  running  along  a  water-course  is  most  easily 
located.  In  this  case  the  choice  is  to  be  made  merely  between 
the  two  banks  of  the  stream,  or  between  keeping  one  bank 
continuously  and  making  occasional  crossings.  When  the 
stream  is  small  it  will  usually  be  found  best  to  cross  it  at 
intervals,  the  advantage  of  direct  alignement  outweighing  the 
cost  of  bridging;  but  when  the  stream  is  of  considerable  size 
the  solution  of  the  problem  is  not  so  obvious,  requiring  patient 
comparison  of  results  in  the  two  cases  to  determine  whether  to 
cross  or  not,  while  in  the  case  of  the  larger  rivers  crossing 
may  be  out  of  the  question. 

When  there  is  a  choice  of  sides,  both  banks  should  be 
traversed  by  the  engineer  on  reconnoissance,  and  while  exam- 
ining in  detail  the  one  side  he  should  take  a  general  and  com- 
prehensive view  of  the  other.  Only  thus  can  he  gain  a  complete 
knowledge  of  either  side.  The  pomts  to  be  considered  are  the 
relative  value  of  the  property  on  either  side,  the  number  and 
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size  of  tributary  streams,  and  probable  cost  of  crossing  them, 
the  cost  of  graduation  as  affected  by  the  amount  and  character 
of  the  material  to  be  removed,  and  the  liability  to  land  slides, 
the  amount  and  degree  of  curvature  required,  and  the  proba- 
ble revenues  which  the  road  can  command  If,  in  respect  to 
these  points,  one  bank  of  the  stream  gives  the  more  favorable 
result  all  the  way,  the  question  is  decided  at  once;  but  in 
case  the  greater  inducements  are  found  on  either  bank  alter- 
nately, as  usually  happens,  the  propriety  of  bridging  the 
stream,  with  the  costs  and  advantages,  must  be  considered  as 
an  additional  element  in  the  problem. 

4.  When  no  water-course  offers  along  which  the  road  may 
be  located,  the  difficulties  of  selecting  a  route  are  mcreased, 
and  these  usually  become  greatest  when  the  streams  are  found 
to  run  about  at  right  angles  to  the  direction  of  the  road.  Val- 
leys and  ridges  are  to  be  crossed  alternately,  involving  the 
necessity  of  ascending  and  descending  grades,  diverting  the 
road  from  a  straight  line,  and  increasing  the  distance  and  cur- 
vature. The  engineer  must  now  seek  the  lowest  points  on  the 
ridges,  and  the  highest  banks  at  the  stream  crossings,  in  order 
to  reduce  as  much  as  possible  the  total  rise  and  fall,  but  these 
points  must  be  so  chosen  relatively  to  each  other  as  to  admit 
of  their  being  connected  by  a  grade  not  exceeding  the  maxi- 
mum which  may  be  allowable.  The  intervening  country 
between  summit  and  stream  must  usually  be  carefully  exam- 
ined, even  on  reconnoissance,  to  determine  where  the  assumed 
grade  will  find  sustaifiing  ground  at  a  reasonable  expense  for 
graduation  and  right  of  way. 

In  selecting  stream  crossings,  regard  should  be  had  not  only 
to  the  height  of  the  bank,  but  also  to  the  character  of  the  bot- 
tom, its  suitability  for  foundation.^,  and  its  liability  to  be 
washed  by  the  current.  The  direction  and  force  of  the  cur- 
rent should  be  observed,  and  its  behavior  during  freshets,  and 
the  extremes  of  high  and  low  water  ascertained,  if  possible. 
An  approximate  estimate  of  the  cost  of  bridging  may  be  made. 

5.  The  engineer  should  not  only  seek  the  best  ground  on  the 
route  first  assumed,  but  should  have  an  eye  to  all  other  possi 
ble  routes,  holding  them  in  consideration  pending  his  accu- 
mulation of  evidence,  and  being  ready,  finally,  to  adopt  that 
one  which  promises  the  greatest  ultimate  economy.  He  should 
be  able  to  read  the  face  of  the  country  like  a  map,  and  to 
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carry  in  his  mind  a  continuous  idea  or  image  of  any  line  he  is  ex- 
amining, so  as  to  judge  with  tolerable  accuracy  of  the  influence 
any  one  portion  of  the  line  may  have  on  another  as  to  align- 
ment and  grade,  even  though  many  miles  apart.  In  the  success- 
ful prosecution  of  a  reconnoissance  he  must  depend  mainly  on 
his  own  natural  tact  and  a  judgment  matured  by  experience. 

O.  The  engineer  will  bring  to  his  aid  in  the  first  place  the 
most  reliable  maps,  and  those  drawn  on  the  largest  scale.  The 
sectional  maps  of  United  States  surveys  will  be  found  very 
useful  when  they  exist.  In  addition  to  these  it  is  often  desira- 
ble to  prepare  a  map  on  a  scale  of  one  or  two  inches  to  a  mile, 
on  which  will  be  drawn  the  principal  features  of  the  country 
to  be  traversed,  such  as  streams,  roads,  towns,  and  the  princi- 
pal ridges,  if  known,  but  leaving  the  further  details  to  be  filled 
in  by  the  engineer  as  he  progresses.  Such  a  map  furnishes  a  cor- 
rect scale  for  his  sketches,  and  saves  much  valuable  time,  as  he 
has  only  to  sketch  what  the  map  does  not  contain,  and  occa- 
hionally  to  make  corrections  when  he  finds  the  map  to  be  in 
error.  He  also  notes  on  the  map  the  governing  pomU  of  the 
route,  such  as  the  best  crossings  of  streams,  ridges,  or  other 
roads,  and  any  point  where  the  iine  will  evidently  be  com- 
pelled to  pass.  He  may  then  indicate  the  route  by  a  dotted 
line  on  the  map  drawn  through  the  governing  points.  Having 
traversed  the  route  in  one  direction  he  should  retrace  his  steps, 
verifying  or  correcting  his  observations,  and  making  such 
farther  notes  as  seem  important.  When  in  a  densely  wooded 
country,  with  but  few  openings,  it  may  h$  impossible  for  him 
to  get  a  commanding  view  from  any  point  that  will  afford  him 
the  necessary  information  as  to  the  general  topo^aphy.  He 
must  then  depend  largely  upon  instrumental  observations, 
taking  these  more  frequently,  and  noting  carefully  all  details 
likely  to  prove  useful  in  future  surveys. 

7*  The  instruments  required  on  an  extended  recon- 
nolssance  are  the  barometer  and  thermometer,  the  hand  or 
Locke  level,  a  pocket  or  prismatic  compass,  and  a  telescope  or 
strong  field-glass.  To  these  may  be  added  a  tolemeter  for 
measuring  distances  at  sight,  but  when  good  maps  are  to  be 
had  this  instrument  is  seldom  needed.  So  also  some  portable 
astronomical  instruments  are  necessary  in  a  new  country,  for 
determining  latitude  and  longitude,  but  would  only  be  a  use- 
less incumbrance  in  a  settled  district. 


8*  The  mercurial  barometer  has  generally  been  relied  upon 
for  the  determinalion  ol  heights,  but  owing  to  its  inconvenient 
dimensions  and  the  danger  of  breaking,  it  is  now  discarded  by 
railroad  engineers  in  favor  of  the  more  portable  aneraid 
barometer,  except  in  the  case  of  trans-continental  surveys^ 
and  when  astronomical  instruments  are  to  be  used  also. 

9«  Tke  best  aneroids  are  designed  to  be  self  compen-' 
sating  for  temperature,  so  that  with  a  constant  atmospheric 
pressure  the  reading  shall  be  the  same  at  all  temperatures  of  the 
instrument.  This»  however,  being  a  very  delicate  adjustment, 
is  not  always  successfully  made,  so  that  each  instrument  is  lia^ 
ble  U>  have  a  small  error  due  to  temperature  peculiar  to  itseii. 
This  error  will  be  found  rarely  to  exceed  one  hundredth  of  an 
inch,  plui  or  minus,  per  change  of  ten  degrees  Fah.,  and  is 
frequently  much  leas  than  this^  Just  what  the  error  is  in  a 
particular  instrument  may  be  determined  by  careful  compari- 
son with  a  standard  meicuiial  barometer  at  the  extremes  of 
temperature^  assuming  Ite  error  found  as  proportional  to  the 
difference  of  temperature  for  all  intermediate  degrees  of  heat. 
The  error  having  been  determined  for  any  anermd,  it  should 
be  applied,  with  its  proper  sign,  to  every  reading  to  obtain 
the  true  reading. 

The  sizes  generally  uaed  are  If  and  2^  indies  in  diameter, 
respectively,  and  experience  seems  to  prove  that  there  is  no 
advantage  in  using  larger  sizesy  but  rather  the  contrary. 

10.  Tiie  ordinary  barometrie  fonnulie  and  tables  have  been 
prepared  with  reference  to  .the  mercurial  barometev.  In  ord^ 
that  they  may  apply  to  the  aneroid,  it  is  necessary  that  the 
latter  should  he  adjusted  to  read  inches  of  mercury  identieally 
with  the  mercurial  column  at  the  sea  level  at  a  temperature  ol 
32°  Fah.  But  as  the  aneroid,  unlike  the  mercurial  colunra,  | 
requires  no  correction  lor  latitude,  nor  for  the  variation  in  the 
force  of  gravity  due  to  elevation,  that  portion  of  the  fonnula 
which  provides  fo»  such  comctlons,  as  well  as  that  wfalci 
provides  for  a  correction  due  to  the  temperature  of  thej 
instnunent  itself,  may  be  omitted  when  using  sn  aneroid. 
Thus  tJne  general  formula  is  very  much  smrptified,  and  he* 
eomes 
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in  wliich  h,  ftnd  h*  are  tbe  readings  of  the  aneroid  in  inches, 
and  t,  and  f  the  readings  of  a  Fahrenheit  tlxermometer  at  the 
lower  and  upper  of  any  two  stations  respectively,  and  « ia  the 
difference  in  elevation  in  English  feet  of  those  stations. 

To  facilitate  the  calculation  of  heights  by  this  formula,  we 
may  write 

Log  |f  60384:3  =  [log  h,  -  log  ^']  60884.3 

and  ainee  only  the  diferenee  of  the  logs,  is  required,  this  wiU 
not  be  affected,  if  we  subtract  unity  from  each.  The  quan- 
tities in  Table  XV.  are  prepared,  therefore,  by  the  formula 

(log  h-1)  60384.8 

for  every  -j^ths  of  an  inch  from  19  inches  to  31  inches. 

t  A-  f  —  64** 
Table  XVI.  contains  values  of   '      qaq f<»  every  de- 
gree of  (t,  +  0  from  20°  to  aOO°  Fah. 

11.  To  find  the  difference  in  d&mtion  of  any  two  stations  hp 
the  tables  : 

Take  the  difference  of  the  quantities  corresponding  to  h^  and 
h*  in  Table  XV.  as  an  approximation,  and  for  a  correction 
multiply  this  difference  by  the  coefficient  corresponding  to 
ft  +  0»  ^°  Table  XVI.,  adding  or  subtracting  the  product 
according  to  the  sign  of  the  coefficient. 

JGkcample,-^ 

Lower  Sta.  Upper  Sta. 

Aneroid                      h,  :==  89?»a  A'  ==  28!57 

Thermometer            t,  =  77°.6  tf  =  70°.4 

By  Table  XV.  for  29.92  we  have  28741 

for  23.57  22485 


Difference  6256 
By  Table  XVI.  for  77.6  +  70.4  =  148  we  have  +  .0933 
Then  6256  X  .0933  =  583.6848 

and  6256  +     584  =  6840  ft.  =  z.—Ans. 

12.  Certain  precautions  are  to  be  observed  in  the  use  of  tbe 
aneroid.  When  the  index  has  been  adjusted  to  a  correct 
reading  by  means  of  the  screw  at  its  back,  it  should  not  be 
meddled  with  until  it  can  again  be  compared  with  a  standard 
mercurial  barometer,  and  even  then  some  engineers  prefer  to 
take  note  of  its  error,  if  anv,  rather  than  disturb  tlie  aneroid. 
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Again,  since  the  principle  of  compensation  supposes  the 
aneroid  to  have  a  uniform  temperature  throughout  its  parts,  it 
must  be  guarded  against  sudden  changes,  as  otherwise  the 
metallic  case  will  be  considerably  heated  or  cooled  before  the 
change  can  affect  the  inner  chamber,  thus  inducing  very  erro- 
neous results.  The  aneroid,  therefore,  should  seldom  be  taken 
from  its  leather  case,  nor  exposed  to  any  radiant  heat  of  sun 
or  fire,  nor  worn  so  near  the  person  as  to  increase  its  tempera- 
ture above  that  of  the  surrounding  atmosphere.  If  removed 
to  an  atmosphere  of  decidedly  different,  temperature,  time 
must  be  allowed  for  the  aneroid  to  be  thoroughly  permeated 
by  the  new  degree  of  heat.  The  aneroid  should  be  held  with 
the  face  horizontal  while  being  read;  it  should  be  handled  care- 
fully, and  all  concussions  avoided,  and  it  should  be  compared 
with  a  standard  as  often  as  practicable  to  make  sure  that  it 
has  suffered  no  derangement.  Observing  these  precautions, 
and  having  a  really  good  aneroid,  the  engineer  should  obtain 
excellent  results  in  the  estimation  of  heights.  It  has  been 
found  that  the  slight  error  in  compensation,  previously  alluded 
to,  is  subject  to  a  change  during  the  first  year  or  two  after  the 
instrument  is  made,  but  subsequently  it  becomes  quite  per- 
manent. 

13.  For  the  purpose  of  obtaining  approximate  elevations  by 
a  simple  inspection  of  the  dial,  the  modem  aneroid  is  provided 
with  a  secondary  scale  reading  hundreds  of  feet,  which  is 
placed  outside  the  scale  of  inches.  It  is  divided  according  to 
the  following  formula  prepared  by  Prof.  Airy:  I 

,  ^  55032  ^^^-p^(l +- ^,000        ) 

in  which  it  is  evident  that  no  correction  for  temperature  is 
required  when  the  average  temperature  of  the  two  stations  is 
50°.  When  the  two  scales  are  engraved  on  the  same  plate  the 
zero  of  the  scale  of  feet  is  coincident  with  31  on  the  scale  of 
inches;  but  in  some  aneroids  the  scales  are  on  two  concentric 
plates,  so  that  the  zero  of  one  may  be  made  to  coincide  with 
any  division  of  the  other,  which  is  in  some  respects  an  advan- 
tage. 

14.  The  theory  of  the  barometer,  as  expressed  in  the  above 
formulae,  assumes  the  atmosphere  to  be  at  rest,  and  its  pres- 
ure  affected  only  by  temperature,  whereas,  in  fact,  the  pres- 
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sure  at  any  point  is  liable  to  sudden  changes  due  to  variations 
in  the  force  of  the  wind,  the  amount  of  humidity,  etc.  The 
best  vray  to  eliminate  errors  due  to  these  causes  is  to  take  read- 
ings simultaneously  at  the  points  the  elevations  of  which  are 
to  be  compared.  For  this  purpose  an  assistant  should  be 
stationed  at  some  point  of  known  elevation  contiguous  to  the 
route  to  be  surveyed,  and  provided  with  an  aneroid  similar  to 
that  carried  by  the  engineer.  The  aneroids,  time-pieces,  and 
thermometers  having  been  compared  at  this  point,  the  assist- 
ant should  record  the  readings  every  ten  minutes,  with  the 
time,  temperature,  and  state  of  the  weather.  The  engineer 
will  thus  have  a  standard  with  which  to  compare  his  own 
observations.  If  the  survey  is  so  extended  that  the  same  con- 
ditions of  atmosphere  are  not  likely  to  be  experienced  by  the 
two  observers,  the  assistant  should  be  instructed  to  move  for- 
ward to  a  new  station  at  a  designated  time ;  or  two  assistants 
may  be  employed,  one  at  each  of  two  stations  between  which 
the  engineer  intends  to  make  a  reconnoissance.  Even  with 
these  precautions  no  attempt  should  be  made  to  obtain  the  ele- 
vation of  important  points  during,  or  just  before,  or  after  a 
storm  of  wind  or  rain. 

l.£^.  When  but  one  aneroid  is  used  the  observations  at  the 
several  stations  should  be  taken  as  nearly  together  as  possible 
in  point  of  time,  and  then  repeated  in  inverse  order,  taking 
the  mean  of  the  observations  at  each  station,  and  repeating  the 
whole  operation  if  necessary.  Only  approximate  results  can 
be  hoped  for,  however,  with  a  single  instrument,  imless  the 
atmospheric  conditions  are  very  favorable. 

lO.  The  Liocke  Lievel  is  an  instrument  in  which  the 
bubble  and  the  observed  object  may  be  seen  at  the  same  instant, 
enabling  the  operator  to  keep  the  instrument  horizontal,  while 
holding  it  in  the  hand,  like  an  ordinary  spy-glass.  While 
very  portable,  it  enables  the  observer  to  define  rapidly  all  visi- 
ble x)oints  of  the  same  elevation  as  his  own,  and  to  estimate 
from  these  the  relative  heights  of  other  points.  It  may  be 
made  useful  in  a  variety  of  ways  which  easily  suggest  them- 
selves to  the  engineer  in  cases  where  no  great  precision  is 
required,  and  where  a  more  elaborate  level  is  not  at  hand. 

17*  The  Prismatic  Compass  is  a  portable  instrument 
with  folding  sights,  in  using  which  the  bearing  to  an  object 
may  be  read  at  the  same  instant  that  the  object  is  observed. 
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The  bearings  are  read  upon  a  floating  card,  graduated  and 
numbered  from  zero  to  860°,  so  that  no  error  can  be  made  in 
substituting  one  quadrant  for  another.  The  instrument  may  be 
held  freely  in  the  hand  during  an  observation,  though  better 
results  are  obtained  by  giving  it  a  firm  rest. 


CHAPTER  n. 

pKBIilMINABY  SuRVBY, 

1 8.  A  preliminary  survey  consists  in  an  instrumental  exam- 
ination of  the  country  along  the  proposed  route,  for  the 
purpose  of  obtaining  such  details  of  distances,  elevations, 
topography,  etc.,  as  may  be  necessary  to  prepare  a  map  and 
profile  of  the  route,  make  an  approximate  estimate  of  the  cost 
of  constructing  the  road,  and  furnish  the  data  from  which  to 
definitely  locate  the  line  should  the  route  be  adopted.  The 
survey  is  more  or  less  elaborate,  according  to  circumstances. 
In  case  the  country  is  new,  or  the  reconnoissance  has  been 
incomplete,  or  if  several  routes  seem  to  offer  almost  equal 
inducements,  the  survey  will  partake  somewhat  of  the  nature 
of  a  reconnoissance,  and  will  be  made  more  hastily  than  if  but 
one  route  is  to  be  examined,  and  that,  perhaps,  presenting 
serious  engineering  difficulties.  The  survey  is  made  as  expe- 
ditiously  as  possible,  consistent  with  general  accuracy,  but 
should  not  usually  be  delayed  for  the  sake  of  precision  in 
matters  of  minor  detail. 

19.  For  preliminary  survey  the  Corps  of  engineers  is 
organized  as  follows: 

A  chief  engineer,  an  assistant  engineer,  two  chainmen,  one 
or  two  axemen,  a  stakeman,  and  a  topographer,  these  forming 
the  compass  (or  transit)  party,  to  which  a  fiagman  is  some- 
times added;  a  leveller  and  one  or  two  rodmen,  forming  the 
level  party;  and  to  these  Is  sometimes  added  a  cross-level  party 
of  two  or  three  assistant  rodmen. 

20.  The  cliief  engineer  takes  command  of  the  corps, 
and  directs  the  survey.  He  ascertains  or  estimates  the  value 
of  the  Isuids  passed  over,  the  owners'  names,  and  the  boundary 
lines  crossed  by  the  line  of  survey.    He  examines  all  streams, 
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and  estimates  the  size  and  character  of  the  culverts  and 
bridges  which  they  will  rei^uire;  he  notices  existing  bridges, 
and  inquires  concerning  their  liability  to  be  carried  away  by 
freshet;  he  selects  suitable  sites  for  bridges,  examines  the 
character  of  the  foundations,  the  direction  of  the  current  rela- 
tively to  that  of  the  line,  and  considers  any  probable  change 
in  the  direction  of  the  current  during  freshets;  he  inspects  the 
various  soils,  rocks,  and  kinds  of  timber  as  they  are  met  with, 
and  takes  full  notes  of  all  these  and  kindred  items  in  his  field 
book.  He  not  unfrequently  assumes  in  addition  the  duties  of 
topographer.  He  should  run  his  line  as  nearly  as  may  be  over 
the  ground  likely  to  be  chosen  for  location,  so  that  the  infor- 
mation obtained  may  be  pertinent,  and  so  that  the  length  of 
the  line,  the  shape  of  the  profile,  and  the  estimate  based  on 
the  survey  may  approximate  to  those  of  the  proposed  location. 
To  this  end  he  has  due  regard  to  the  levels  taken,  and  when 
they  show  that  the  line  as  run  fails  to  be  consistent  with 
allowable  graces,  he  either  orders  the  corps  back  to  some 
proper  point  to  begin  a  new  line,  or  makes  an  offset  at  once 
to  a  better  i)08ition,  or  continues  the  same  line  with  some 
deflection,  simply  noting  the  position  and  probable  elevation 
of  better  ground,  as  in  his  judgment  he  thinks  best.  He 
should  at  all  times  maintain  a  friendly  attitude  toward  pro- 
prietors, and  by  his  polite  bearing  endeavor  to  secure  their 
cordial  support  of  the  new  enterprise.  If  he  is  tolerably  cer* 
tain  that  the  location  will  follow  nearly  the  line  of  the  prelim- 
inary survey,  he  should  have  with  him  some  blank  deeds  of 
right  of  way,  and  let  these  be  signed  by  land-owners  while 
they  are  favorably  disposed.  When  this  cannot  be  done,  a 
blank  form  of  agreement  to  allow  the  surveys  and  construc- 
tion of  the  road  to  proceed  until  such  time  as  the  terms  of 
right  of  way  may  be  agreed  upon  may  be  made  very  useful. 
The  chief  also  selects  quarters  for  his  men,  and  in  case  of 
camping  out  he  directs  the  movements  of  the  camp  equipage. 
21*  The  assistant  engineer  takes  the  bearings  of  the 
courses  run,  and  makes  a  minute  of  them,  with  their  lengths,  or 
the  numbers  of  the  stations  where  they  terminate.  He  sees  that 
the  axemen  keep  in  line  while  clearing,  and  th^  chainmen 
while  measuring;  he  takes  the  bearings  of  the  principal  roads 
and  streams,  and  of  property  lines  when  met  with.  In  an 
open  country  he  may  save  time  by  selecting  some  prominent 


10  FIELD  ESTGIKBEBIKa. 

distant  object  toward  which  the  chainmen  measure  without  his 
assistance,  while  he  goes  forward  and  prepares  to  take  the 
bearing  of  the  course  beyond.  In  traversing  a  forest  with  not 
too  dense  undergrowth,  when  the  line  is  being  run  to  suit  the 
ground  according  to  a  given  grade,  it  is  a  good  plan  for  the 
assistant  to  go  ahead  of  the  chainmen  as  far  as  he  can  be  seen, 
select  his  ground,  take  his  bearing  by  backsight  on  the  last 
station,  and  then  have  the  chainmen  measure  toward  him.  In 
this  case  both  he  and  the  head  chainman  should  be  provided 
with  a  good  sized  red  and  white  flag,  mounted  on  a  straight 
pole,  to  be  waved  at  first  to  call  attention,  and  afterward  held 
vertically  for  alignement.  Otherwise  a  flagman  must  be  added 
to  the  party,  who  will  select  the  ground  ahead,  under  the  in- 
structions of  the  chief,  and  toward  whom  the  survey  will  pro- 
ceed in  the  usual  manner. 

22.  The  head  chainman  drags  the  chain,  and  carries  a 
flag  which  is  put  into  line  at  the  end  of  each  chain  length  by  the 
assistant  engineer  or  the  rear  chainman.  It  is  his  duty  to 
know  that  his  flag  is  in  line  and  that  his  chain  is  straight  and 
horizontal  before  making  any  measurement,  and  to  show  the 
stakeman  where  each  stake  is  to  be  driven.  A  stake  is  usually 
driven  at  the  end  of  each  measured  chain  length,  called  a 
station,  though  in  an  open  and  level  country  the  stakes  at  the 
odd  stations  may  be  omitted,  in  which  case  marking  pins  are 
used  to  indicate  the  odd  stations  temporarily.  In  case  there 
is  much  clearing  to  be  done  the  head  chainman  plants  his  flag 
in  line,  and  ranging  past  it,  indicates  to  the  axemen  what  is 
to  be  cut,  going  a  little  in  advance  through  the  bushes  so  that 
they  may  work  toward  him.  The  head  chainman  should  be  a 
quick,  active  and  strong  man,  with  a  good  eye  and  a  taste  for 
his  work,  as  very  much  of  the  real  progress  of  the  survey 
depends  upon  him. 

23.  The  rear  chainman  holds  his  end  of  the  chain  flrm. 
ly  at  the  last  stake  or  pin  by  his  own  strength,  not  by  means  of 
the  stake.  He  keeps  the  tally  by  the  pins  when  they  are  used, 
and  watches  the  numbers  on  the  stakes  to  see  that  they  are  cor- 
rect. The  end  of  a  course  should  always  be  chosen  at  the  end 
of  a  chain,  if  possible,  and  if  not,  then  at  a  brass  tag  indicating 
tens  of  feet,  as  thus  the  labor  of  plotting  the  map  will  be  much 
lessened.  The  numbering  of  stations  is  not  recommenced 
with  each  new  course,  but  is  continued  from  the  beginning  to 


PBELIMi:BrAET    SURVEY.  H 

the  end  of  the  survey,  through  all  its  courses,  and  if  one 
course  ends  with  a  portion  of  a  chain  the  next  course  begins 
with,  the  remainder  of  it.  It  is  the  rear  chainman's  duty  to 
attend  to  this,  holding  the  proper  link  at  the  compass  station. 
Any  fraction  of  a  chain  measured  on  the  line  is  called  a  plus, 
and  is  counted  in  feet  from  the  previous  station.  The  length 
of  an  offset  in  the  line  is  never  included  in  the  length  of  the 
line,  but  if  the  line  should  change  its  course  by  a  right  angle, 
or  more,  or  less,  the  numbering  would  go  on  as  usual. 

24.  The  axemen  should  be  accustomed  to  chopping  and 

clearing,  and  are,  therefore,  to  be  selected  in  the  country  rather 

than  the  city.    They  will  cut  out  so  much  of  the  underbrush 

and  overhanging  branches  as  may  interfere  with  the  sight  of 

the  assistant  or  leveller;  but  care  must  be  taken  not  to  cut 

unnecessarily  wide,  and  no  tree  of  considerable  size  should  be 

felled,  except  in  rare  instances.    When  running  by  compass,  if 

the  assistant  goes  ahead  of  the  chain,  he  can  always  select  a 

position  so  that  no  large  tree  will  interfere ;  or,  if  the  line  must 

be  produced  and  strikes  a  tree,  the  compass  may  be  brought  up 

and  set  close  to  the  tree  on  the  forward  side  as  nearly  in  line  as 

can  be  estimated,  the  slight  error  in  offset  being  neglected, 

since  the  line  will  be  produced  parallel  to  itself  by  the  needle. 

25.  The  stakeman  prepares  and  marks  the  stakes,  and 
drives  them  at  the  points  indicated  by  the  head  chainmaa 
When  no  clearing  is  needed,  the  axemen  keep  him  supplied 
with  stakes,  as  the  rapid  progress  of  the  chain  will  only  give 
him  time  to  drive  them.  The  stakes  should  be  two  feet  long  and 
pointed  evenly  so  as  to  drive  straight,  and  are  blazed  or  faced 
on  two  opposite  sides,  one  of  which  is  marked  in  red  chalk 
with  the  number  of  the  station.  The  stake  must  be  driven 
vertically,  and  with  the  marked  face  to  the  rear,  so  that  it  may 
be  read  by  the  rodman  as  he  follows  the  line. 

26.  The  topographer  makes  accurate  sketches  of  all 
features  of  the  country  immediately  on  the  line,  and  extends 
the  sketches  as  far  each  side  of  the  line  as  he  can,  in  a  book 
prepared  for  the  purpose.  He  must  never  sketch  in  advance 
of  the  chain,  nor  in  advance  of  his  own  position.  His  work 
should  be  done  to  scale  as  nearly  as  possible,  using  the  same 
scale  for  distances  on  the  line  and  at  right  angles  to  it.  The 
scale  adopted  should  never  be  less  than  that  of  the  map  to  be 
made  from  the  sketches.     The  ruled  lines  of  a  field  book  are 
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usoall  j  one  quarter  of  an  inch  apart,  so  i^at  a  )9c3Lie  of  one' 
line  to  a  station  equals  about  four  liundred  feet  to  an  incb. 
This  is  the  smallest  scale  eTer  used.  The  scale  of  two  lines  to 
a  station  is  most  convenient  for  genersd  use.  Four  lines  to  a 
station  are  needed  in  special  cases  to  sliow  details,  as  in  paj^ 
ing  through  villages.  The  scale  may  be  changed  from  time  to 
time  as  found  necessary,' but  no  two  scales  should  ever  be  UBed 
on  the  same  page.  The  numbering  of  tiie  stations  up  the  page 
indicates  the  scale  of  the  sketch. 

27*  Wlien  the  contours  of  the  surface  are  required,  the 
topographer  may  join  the  level  party  in  order  that  his  esti- 
mates of  heights  and  slopes  may  lie  corrected  by  the  instru- 
ment.   He  should  never  draw  a  mass  of  contours  indiscrimi- 
nately, but  should  sketch  them  as  they  exist  at  a  uniform  ver- 
tical interval.    This  interval  may  be  assumed  at  five  feet  in 
a  gently  rolling  country,  and  at  twenty  feet  in  a  mountainous 
one,  but  an  interval  of  ten  feet  will  be  found  most  convenient 
generally.    If  the  topographer  accompanies  the  level  he  can 
assume  the  contours  at  the  even  tens  of  feet  in  elevation,  and 
mark  them  so,  noting  where  a  contour  (tosses  the  surveyed 
line,  and  sketching  its  direction  and  shape  both  ways  from 
that  point.     He  will  estimate  the  rate  of  slope  of  the  ground 
at  right  angles  to  the  line  as  so  many  feet  per  hundred,  and 
record  it  from  t^e  to  time,  noting  ascent  from  the  line  on 
either  side  by  *  *  A, "  and  descent  by  "  D. "    li  the  slope  changes 
within  the  limit  of  the  page,  the  line  of  change  may  be 
sketched  and  the  next  slope  recorded.     When  little  banks  or 
terraces  occur,  or  bluffs  and  rocks,  which  cannot  be  suf- 
ficiently indicated  by  contours,  they  should  be  shown  by 
hatchings,  and  the  height  noted.     Special  care  should   be 
taken  to  sketch  roads  and  houses  in  their  correct  positions 
and  dimensions,  the  latter  to  be  either  measured,  paced  or 
estimated.    The  dimensions  should  also  be  recorded  in  num- 
bers.   The  outline  of  forests  may  be  shown  by  a  scalloped 
line,  and  the  kind  of  timber,  and  whether  dense  or  scattered, 
written  within  the  inclosed  space.    Correct  outlines  are  essen- 
tial, but  no  time  should  be  given  to  shading  up  a  sketch  with 
conventional  signs.    A  single  sign,  or  the  name  of  the  thing 
intended,  is  all  sufficient.     Land-owners'  and  residents'  names 
should  be  recorded  whenever  they  can  be  obtained,  as  well 
the  names  of  roads,  streams  and  public  buildings. 
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^S*  The  leveller  takes  charge  of  the  level  party  and 
keeps  the  notes  of  Ms  work.  He  reads  the  rod  on  benches  and 
at  turning  points  to  hundredths  of  a  foot  and  to  tenths  at  other 
points.  He  should  direot  a  bench  to  be  made  at  least  once 
every  half  mile,  and  in  a  very  rough  country  every  quarter  of 
a  mile.  The  benches  need  not  be  far  from  the  line,  and,  if 
well  chosen,  may  be  used  as  turning  points,  thus  saving  time. 
The  elevation  of  turning  points  must  be  computed  when 
taken,  so  that  the  elevation  of  any  one  of  them  may  be 
instantly  given  when  called  for,  and  the  other  elevations  will 
he  filled  in  as  flo*  as  may  be  without  delaying  the  survey.  M 
tine  levels  are  usually  the  most  essential  part  of  the  survey, 
much  care  should  be  taken  to  have  the  instrument  well  ad 
justed  and  truly  level,  and  the  rod  held  vertically  and  correctly 
read  on  turning  points,  but  the  intermediate  work  should  not 
be  so  done  as  to  delay  the  party  unnecessarily.  The  leveller 
should  use  every  endeavor  to  follow  closely  after  the  survey- 
ing party,  so  that  the  chief  and  toi)ographer  may  have  th6 
advantage  of  his  notes. 

20.  The  rodman's  first  duty  is  to  hold  the  rod  vertically^ 
and  he  must  learn  to  do  this  in  calm  or  windy  weather,  in  level 
field  or  on  side  hilL  He  may  carry  a  small  disk-level,  which 
applied  to  the  edge  of  the  rod  will  show  when  it  is  vertical. 
The  ti^rning  points  are  to  be  selected  for  firmness  and  definite- 
ness,  and  so  that  they  will  afford  a  clear  view  from  beyond 
for  a  backsight.  The  rod  is  held  for  a  reading  on  the  ground 
at  every  stake,  the  number  of  which  is  called  out  to  the  level- 
ler as  soon  as  the  rodman  arrives  at  it;  the  rod  is  also  to  be 
held  at  every  prominent  change  of  slope  on  the  line,  as  the 
crest  and  foot  of  every  bank,  the  rodman  calling  out  its  dis- 
^ce  from  the  last  stake  as  pltis  so  many  feet,  but  all  gentle 
undulations  and  minor  irregularities  are  to  be  neglected.  The 
rod  will  always  be  read  at  the  surface  of  a  stream  or  pond^ 
and  also  at  its  deepest  part  on  the  line,  when  possible;  other- 
wise the  depth  of  the  water  may  be  found  by  sounding,  and 
so  recorded.  Should  the  line  run  along  a  stream  the  surface 
will  be  taken  occasionally,  opposite  certain  stations^  and  in 
ease  of  a  canal,  the  elevation  of  surface  above  and  below  each 
lock  must  be  noted.  The  rodman  makes  inquiry  for  M^h- 
wUer  ma/rk»  or  seeks  traces  of  them  himself  in  an  uninhabited 
district,  and  holds  the  rod  upon  them  that  their  elevation  may 
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be  determined.  The  rodman  carries  a  small  axe  or  hatchet 
with  which  to  make  benches  and  to  trim  out  any  stray 
branch  that  may  intercept  the  leveller's  view. 

30.  The  assistant  rodmen  take  the  slope  and  elevations 
of  the  ground  at  right  angles  to  the  line,  using  vertical  and  hori- 
zontal rods  and  a  pocket  level,  or  a  tape  line  and  clinometer. 
The  cross  levels  are  not  taken  throughout  the  whole  survey,  if 
at  all,  but  only  where  the  roughness  of  the  country  seems  to 
demand  it.  They  may  be  extended  to  any  distance  from  the 
centre  line  required  by  the  chief — not  less,  however,  than  fifty 
feet  as  a  rule.  They  may  be  taken  at  the  stations  only,  or 
oftener,  if  necessary,  depending  upon  the  roughness  of  the 
surface,  the  object  being  to  define  accurately  the  contours, 
and  so  the  shape  of  the  ground.  The  assistant  rodmen  will 
also  take  soundings  when  they  are  needed,  either  on  the  line 
or  at  right  angles  to  it. 

31.  In  defining  the  duties  of  the  memt)ers  of  the  corps,  the 
instruments  used  have  been  incidentally  noticed. 

32.  The  compass  is  preferable  to  the  transit  on  prelinu- 
nary  surveys,  because  it  can  be  operated  more  rapidly,  is  lighter, 
and  usually  has  a  better  needle.  It  may  have  either  plain 
sights  or  telescope,  and  be  mounted  on  tripod  or  Jacob  staff. 
The  simpler  forms  are  preferred  for  forest  work.  Not  imfre- 
quently  the  engineer's  transit  is  employed,  but  using  the^^dle. 
A  preliminary  line  should  not  be  run  by  backsights  and  aeflec^ 
tions,  unless  local  attraction  is  found  to  exist  to  such  an  extent 
as  to  destroy  confidence  in  the  needle;  or,  in  special  cases, 
where  the  natural  obstacles  to  a  survey  are  very  great.  In  the 
latter  case  the  survey  partakes  of  the  nature  of  a  location,  and 
should  be  conducted  with  similar  care  and  fidelity. 

33.  The  chain  is  100  feet  long,  and  composed  of  100 
links.  It  should  be  of  steel  for  lightness,  durability,  and  greater 
accuracy.  Those  having  rings  of  hard  steel,  unbrazed,  are 
least  apt  to  wear.  Five  marking  pins  are  needed,  each  having 
a  piece  of  red  flannel  attached,  for  temporaiy  stations,  or  for 
keeping  points  temporarily  while  measuring  by  parts  of  a 
chain  up  or  down  a  slope.  A  pointed  plumb  bob,  with  sev- 
eral yards  of  small  cord  wound  on  a  carpenter's  spool,  is  use- 
ful in  chaining  over  steep  declivities  or  bluffs. 

34.  The  axes  should  be  of  best  quality,  with  hand-made 
handles,  and  not  too  heavy.    The  axe  of  the  stakeman  should 
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have  a  fine  edge  for  dressing  and  a  broad  head  for  driving 
the  stakes.  When  the  stakes  are  not  required  to  be  over  two 
feet  long,  a  stout  basket,  having  a  square,  flat  bottom,  26x14 
inches,  should  be  f<urnished  the  stakeman.  He  will  then  pre- 
pare a  basketful  of  stakes,  ready  marked,  and  place  them  in 
the  basket  regularly,  in  the  reverse  order  of  their  numbers,  so 
that  they  will  come  to  hand  as  wanted.  A  small  hand-so^ 
no  Icurger  than  the  basket,  with  rather  coarse  teeth,  wide  set, 
will  be  found  extremely  useful  in  cutting  stakes  with  square 
heads  and  of  uniform  length,  and  much  more  rapidly  than  can 
be  done  with  an.  axe.  When  not  in  use,  it  is  to  be  strapped  to 
the  inside  of  the  basket,  to  prevent  its  being  lost  by  the  way. 
When  the  basket  is  about  empty,  the  stakeman,  with  the 
assistance  of  the  axemen,  can  soon  replenish  it,  and  the  stakes 
being  all  numbered  at  once,  there  is  less  danger  of  a  mistake 
being  made  in  the  tally  than  when  they  are  marked  only  as 
wanted. 

35*  The  level  should  be  the  regular  engineer's  level,  the 
same  as  used  on  location. 

3B.  The  rod  should  be  self -reading,  i.e.,  to  be  read  by  the 
leveller,  as  too, much  time  would  be  consumed  in  the  constant 
adjustment  of  a  target  by  the  rodman.  It  should  be  as  long  as 
can  be  conveniently  handled  in  order  to  reduce  the  number  of 
tumiii|>  points  on  hill  sides.  A  very  convenient  rod  may  be 
made  of  thoroughly  seasoned  clear  white  pine*  sixteen  feet 
l(mg  and  two  inches  wi^e,  with  a  thickness  of  one  inch  at  the 
bottom,  increasing  to  one  and  a  quarter  inches  at  six  feet  from 
the  bottom,  and  then  gradually  diminishing  to  three  eighths  of 
an  inch  at  the  top.  The  rod  is  shod  with  a  stout  strap  of  steel, 
extending  five  inches  up  the  edges,  and  secured  by  screws. 
The  top  is  protected  for  a  few  inches  by  a  plate  of  sheet  brass 
on  the  back.  The  face  of  the  rod  is  a  plain  surface  through- 
out, and  is  graduated  from  the  lower  edge  of  the  steel  shoe  as 
zero.  The  divisions  are  fine  cuts  made  with  the  point  of  a 
knife.  At  the  foot  and  half -foot  points  the  cuts  extend  across 
the  face.  For  the  tenths  and  half  tenths  they  extend  three 
quarters  of  an  inch  from  the  right  hand  edge,  terminating  in  a 
line  scribed  parallel  to  the  edge  of  the  rod,  thus  forming  rec- 
tangular blocks  half  a  tenth  wide,  every  other  one  of  which  is 
painted  black,  the  body  of  the  rod  being  white.  The  feet  are 
indicated  by  numerals  painted  red  on  the  blank  part  of  the 
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fenoe,  each  flgare  standing  exactly  on  its  foot  mark,  and  beizis 
exactly  one  tenth  high.  For  the  figure  5  the  Roman  V.  is  sub- 
stituted and  for  9  the  Boman  IX.,  so  that  in  case  a  dampy 
level  is  used  the  6  may  not  be  mistaken  for  a  8,  nor  the  9  for  a 
6.  At  the  half-foot  points  a  red  diamond  is  painted,  so  that 
the  graduated  line  bisects  it.  No  other  figures  nor  gradua- 
tions are  required.  With  this  rod  the  leveller  can  read  quite 
accurately  to  hundredths  of  a  foot,  and  after  some  practice 
can  estimate  the  half  hundredths. 

37.  The  horizontal  rod  for  cross-levels  may  be  made 
of  white  pine,  ten  feet  long  and  one  inch  thick  by  three  wide, 
tipped  with  brass,  painted  white,  and  graduated  to  feet  and 
tenths.  It  must  be  a  straight  edge,  and  is  levelled  by  a  pocket 
level  placed  upon  it  when  needed,  or  by  a  small  level  embedded 
permanently  in  one  edge.  The  vertical  rod  to  be  used  with  it 
is  made  of  pine  eight  feet  long  and  one  and  a  quarter  inches 
square,  and  graduated  to  feet,  tenths,  and  half  tenths.  All 
rods  when  not  in  use  should  be  laid  on  a  flat  surface  to  pre- 
vent their  being  sprung.  Leaning  them  in  a  comer  soon  ruins 
them  for  use. 

38.  The  clinometer  is  any  small  instrument  which  will 
measure  the  slope  angle  of  the  surface.  The  angle  is  always 
estimated  from  the  horizon,  a  vertical  being  90".  The  rise  per 
100  feet  is  found  by  multiplying  the  nat.  tangent  of  the  slope 
angle  by  100.  It  may  often  be  found  more  easily  by  the 
leveller  reading  the  rod  at  a  station  and  then  100  feet  left  or 
right  of  the  line.  If  surface  measures  are  taken  in  connec* 
tion  with  a  slope  angle  they  are  reduced  to  horizontal  meas- 
ures by  multiplying  them  by  the  cosine  of  the  slope  angle. 

39*  The  plane-table  is  rarely  if  ever  used  on  prelimi- 
nary surveys  in  the  United  States.  Occasional  bearings  taken 
to  prominent  objects  by  the  assistant  engineer,  or  the  use  of  a 
prismatic  compass  by  the  topographer  in  connection  with  his 
sketches,  is  found  to  answer  every  purpose. 

40.  In  case  a  survey  is  to  be  made  with  a  tran- 
sit»  it  is  necessary  to  add  a  back  flagman  to  the  party,  who  will 
hold  his  flag  or  rod  on  the  point  last  occupied  by  the  transit,  so 
that  the  assistant  may  take  a  backsight  upon  it.  The  direction 
of  a  new  course  in  each  case  is  determined  by  the  deflection 
angle  to  the  right  or  left  of  the  preceding  course  produced. 
The  bearing  of  one  long  course  near  the  beginning  of  the  8ur» 
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yey  having  been  carefully  ascertained,  the  bearing  of  each  duc- 
ceeding  course  is  calculated  from  the  deflections,  and  entered 
in  a  coiunin  of  the  field  book  headed  Calculated  Searings,  from 
which  the  line  is  afterwards  plotted.  The  magnetic  bearing 
of  each  coarse  should  also  be  taken  from  the  needle,  and  re- 
corded as  such,  but  is  used  only  as  a  check  on  the  transit 
work.  The  deflections  should  be  made  in  degrees,  halves,  or 
quarters,  if  possible,  to  facilitate  the  calculation  of  bearings, 
and  to  admit  of  using  a  traverse  table. 

4:1*  The  attached  level  and  vertical  arc  of  the  transit  are 
oseful  in  determining  approximately  the  grade  of  the  line  run 
in  advance  of  the  level  party,  or  in  seeking  for  one  assumed 
grade  to  which  it  is  desired  that  the  line  shall  conform.  For 
this  purpose  it  is  only  necessary  to  set  the  vertical  arc  to  the 
angle  corresponding  to  the  grade  as  given  in  Table  XIV. ,  and 
left  the  head  chain  man  move  about  until  a  point  on  his  rod  at 
the  same  height  from  the  ground  as  the  telescope  is  covered 
by  the  horizontal  cross-hair. 

42.  The  point  on  the  ground  where  a  transit  is  set  up  is 
marked  by  a  good-sized  plug,  flat  headed,  and  driven  down 
flush  with  the  ground,  with  a  tack  set  in  the  head  to  show  the 
exact  point  or  centre.  This  is  called  a  transit  point.  When 
a  transit  point  occurs  at  a  regular  stption,  the  stake  bearing 
the  nunoiber  of  that  station  is  set  three  feet  to  the  left  of  the 
line  opposite  the  plug  and  facing  it.  When  a  transit  point 
occurs  between  stations  the  stake  is  driven  three  feet  to  the 
left  of  it,  marked  with  the  number  of  the  preceding  station 
-f  the  distance  from  that  station  in  feet. 

43.  As  a  transit  is  capable  of  giving  a  line  with  great  pre- 
cision, it  is  important  that  the  flags  used  in  connection  with 
it  should  be  equally  precise  in  giving  points.  An  excellent  flag 
for  this  purpose  is  made  of  well-seasoned  clear  white  pine  ten 
feet  long,  two  and  a  half  inches  wide,  and  one  inch  thick.  It  is 
tapered  for  the  last  four  inches  to  an  edge  at  one  end,  the  edge 
being  formed  at  the  middle  of  the  width.  The  tapered  end  is 
shod  with  a  band  of  steel  covering  the  edge  of  the  rod,  and 
secured  by  screws,  and  the  steel  is  brought  to  a  sharp  edge  at 
the  point  of  the  rod.  The  rod  is  then  painted  white  and 
tipped  with  brass  at  the  square  or  upper  end.  A  centre  line 
on  the  face  is  then  struck  from  the  point  of  the  steel  to  the 
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middle  of  the  brass  tip  by  means  of  a  piece  of  sewing  silk, 
«nd  a  fine  cut  made  with  a  knife  and  steel  straight  edge. 
The  centre  line  must  not  be  scribed  parallel  to  one  edge  of  the 
rod,  as  this  is  rarely  ever  straight.  The  face  of  the  rod  is 
then  divided  into  one-foot  spaces,  measured  from  the  head  of 
the  rod,  and  these  are  painted  red  on  either  side  of  the  centre 
line  in  alternate  blocks.  On  the  back  of  the  rod  at  three  and 
a  half  feet  from  the  point  is  placed  a  small  ground-glass 
bubble-tube,  mounted  very  simply,  and  attached  to  the  rod  by 
a  brass  plate  and  screws,  and  guarded  by  two  blocks  of  wood 
for  protection.  The  centre  line  of  the  rod  is  made  vertical  by 
a  plumb-line  while  the  level  tube  is  being  attached,  which  ever 
after  secures  a  vertical  rod.  If  only  two  feet  of  this  rod  can 
be  seen  over  any  obstruction,  a  point  can  be  set  with  great 
precision,  provided  the  level  tube  is  in  adjustment.  This  flag 
can  also  be  used  as  a  plumb  in  chaining  with  much  more 
satisfaction  than  a  cord  and  weight,  especially  in  windy 
weather. 

44,  A  transit  survey  usually  requires  more  clearing  than 
one  made  hy  compass.  When  a  given  course  is  to  be  produced 
in  a  forest,  some  large  trees  will  inevitably  be  encountered,  but 
the  labor  and  delay  of  felling  them  may  be  avoided  by  the 
use  of  auxiliary  lines.  These  may  be  classified  as  running 
pa/rallel  to  the  main  line,  at  a  smaU  angle  with  it,  or  at  a  large 
angle  with  it. 

45,  The  parallel  line  is  established  by  means  of  two 
short  perpendicular  offsets  measured  with  care  before  reach- 
ing the  obstacle,  and  the  main  line  is  established  beyond  the 
obstacle  by  means  of  two  more  equal  offsets.  But  since  short 
back-sights  are  to  be  avoided,  these  offsets  should  be  at  least 
100  feet  apart,  so  that  it  may  be  difficult  to  find  a  parallel  line 
of  sufficient  length  which  does  not  strike  some  other  obstacle, 
or  at  least  require  considerable  extra  clearing. 

46,  The  auxiliary  lines  makings  a  small  angrle 
with  the  main  line  are  more  convenient,  not  only  on  this 
accoimt,  but  because  they  require  a  less  number  of  transit 
points.  By  them  an  isosceles  triangle  is  formed  on  the  ground, 
having  the  intercepted  portion  of  the  main  line  as  base,  and  the 
vertex  near  the  obstacle.  The  deflections  at  the  points  where 
the  lines  leave  and  join  the  main  line  are  similar  and  equal,  and 
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the  deflection  at  the  vertex  is  double  in  amount  and  opposite 
in  direction.  No  calcul&tion  is  necessary,  for  the  error  in 
measurement  due  to  the  deviation  is  too  small  to  be  noticed, 
and  since  the  main  line  is  immediately  resumed,  the  calculated 
bearings  of  the  auxiliary  lines  are  unnecessary.  Should  the 
point  where  the  second  line  joins  the  main  line  prove  unsuit- 
able for  a  transit  point,  the  second  line  may  be  produced  to 
any  convenient  point  beyond,  and  so  go  to  form  an  isosceles 
triangle  on  the  opposite  side  of  the  main  line,  the  triangle 
being  completed  by  running  a  third  line  parallel  to  the  first, 
and  equal  to  the  difference  of  the  first  and  second.  Again, 
the  second  line  may  encounter  a  serious  obstacle  before  reach 
ing  the  main  line.  To  avoid  this  a  parallel  to  the  main  lin^ 
may  be  run  from  the  end  of  the  first  line  for  a  con- 
yenient  distance,  and  there  the  second  line  be  put  in 
parallel  and  equal  to  its  first  position,  as  before  de- 
scribed, thus  forming  a  trapezoid. 

47.  The  following  general  solution  of  this 
problem  allows  the  engineer  to  make  use  of  any 
number  of  auxiliary  lines,  provided  that  none  of 
them  make  an  angle  of  much  more  than  one  degree 
with  the  main  line,  with  a  certainty  of  resuming  the 
main  line  in  position  and  direction  at  the  extremity 
of  any  course  desired,  and  without  necessitating 
any  trigonometrical  calculation.  It  is  based  on  the 
assumption,  practically  true  for  small  angles,  that 
the  sines  are  proportional  to  their  angles,  and  is  ex- 
pressed by  the  following  rule : 

Call  all  deflections  to  the  right  pluSy  and  all  to 
the  left  minus;  multiply  the  length  of  each  course 
in  feet  by  the  algebraic  sum  in  minute%  of  all  the 
auxiliary  deflections  made  to  reach  that  course; 
take  the  algebraic  sum  of  these  products,  and 
when  the  sum  equals  zero  the  extremity  of  the  last 
course  will  be  on  the  main  line.  The  deflection 
required  at  that  point  to  give  the  directum  of  the  main  line 
is  equal  to  the  algebraic  sum  of  all  the  preceding  deflections, 
but  taken  with  the  contrary  sign. 

Thus,  if  we  have  left  the  main  line  at  A,  and  run  by  these 
notes:    (Pig.  1,A 
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knowi>,  the  chain  being  lengthened  by  the  correction  corre- 
sponding to  the  slope  angle. 

50.  If  the  chain  is  lengthened  as  per  above  table  on  auxil- 
iary lines,  the  numbering  of  the  stakes  goes  on  as  usual,  but 
they  should  have  an  additional  mark  as  X  to  show  that  they 
are  oft  the  main  line;  and  they  may  stand  facing  the  true 
stations  which  they  represent,  and  the  length  of  offset,  if 
known,  may  also  be  recorded  on  them.  The  leveller  will  then 
understand  that  he  is  to  read  the  rod  not  only  at  the  stakes  as 
they  stand,  but  also  at  the  true  stations,  as  nearly  as  may  be. 
The  assistant  engineer  will  always  make  a  diagrram  in  his 
field  book,  showing  exactly  the  method  pursued  in  reference  to 
auxiliary  lines.  Having  passed  the  obstacle,  it  is  advisable 
to  return  to  the  main  line  by  a  course  equal  in  length  to  the 
first  auxiliary,  and  making  an  equal  angle  with  the  main  line. 
If  this  cannot  be  done  from  the  end  of  the  first  course,  a 
parallel  to  the  main  line  may  be  run  any  convenient  distance, 
and  the  return  line  then  put  in,  forming  a  trapezoid. 

51.  When  there  is  no  obstruction  to  sight  on  the  main 
line,  but  only  to  measurement,  a  transit  point  should  be 
set  in  line  beyond  the  obstacle  before  the  transit  leaves  the 
main  line,  as  a  check  on  the  other  operations,  and  the  main 
line  should  be  afterward  produced  from  this  point  by  back- 
sight on  the  main  line,  rather  than  by  deflection  from  an 
auxiliary  line. 

52.  The  main  line  should  always  be  resumed  as  soon  as 
practicable,  making  the  auxiliary  lines  the  mere  exception. 
When  a  number  of  courses  at  a  large  angle  are  likely  to  be 
required  before  the  main  line  can  again  be  reached,  it  may  be 
better  to  consider  these  as  regular  courses  of  the  survey,  and 
to  note  them  as  such.  The  simplest  method  is  always  the  best, 
because  least  likely  to  involve  mistakes. 

53.  When  the  natural  obstacles  are  so  numerous 
and  of  such  magnitude  as  to  render  any  continuous  line  of  sur- 
vey or  location  extremely  diflicult,  if  not  impossible,  as  in  the 
case  of  a  bold  rocky  shore,  all  the  data  necessary  to  a  location 
should  be  gathered  with  precision  on  the  preliminary  survey, 
the  measurements  and  angles  being  taken  with  the  greatest  care, 
and  as  many  checks  as  possible  should  be  introduced  to  verify 
the  work.  In  meandering  such  a  shore  it  is  probable  that  a  large 
number  of  short  courses  will  be  used,  which  may  be  measured 
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correctly,  but  there  is  liability  to  error  in  the  angles.  To 
verify  the  latter  the  more  conspicuous  transit  stations  on 
prominent  points  of  the  shore  are  selected,  and  these  being 
named  by  the  letters  of  the  alphabet,  the  deflections  between 
them  are  taken  by  careful  observations  repeated  a  number  of 
times,  as  for  a  triangulation.  These  points,  joined  by  tie- 
lines,  then  form  a  survey  of  themselves,  much  simpler  than 
the  full  traverse.  To  obtain  the  length  of  these  tie-lines,  the 
angles  between  them  and  the  courses  meeting  at  the  same 
station  are  measured.  Then  since  each  tie-line  forms  the 
closing  side  of  a  field,  in  which  all  the  bearings  are  known, 
and  all  the  distances,  save  one,  that  one  may  be  calculated  by 
latitude  and  departures.  But  the  angles  should  first  be  tested 
for  error  in  each  complete  field,  and  if  the  error  be  large  the 
angles  must  all  be  remeasured  until  the  error  is  found  and  cor- 
rected, but  if  very  small  it  may  be  distributed  among  the 
angles,  or  among  those  most  probably  inaccurate.  Before  cal- 
culating the  traverse  of  any  of  these  fields,  it  will  be  advanta- 
geous to  assume,  for  an  artificial  meridian,  a  line  parallel  to 
the  average  direction  of  the  shore  for  several  miles,  and  to 
refer  all  courses  to  this  meridian  for  their  bearing.  This 
meridian  is  called  the  axis  of  the  survey,  and  all  bearings 
referred  to  it  are  called  axial  hearings,  as  distinguished  from 
magnetic  bearings.  The  magnetic  bearing  of  the  axis  should 
be  some  exact  number  of  degrees,  so  as  to  facilitate  the  reduc- 
tion from  one  system  to  the  other. 

54.  In  plotting  the  map,  the  axis  is  first  laid  down,  and  then 
the  lettered  stations  in  their  respective  positions,  after  which 
the  meandering  surveys  can  be  filled  in.  The  map  being 
drawn  on  a  scale  of  one  hundred  feet  to  an  inch,  and  the  con- 
tours constructed  from  the  notes  of  the  level  and  cross-level 
parties,  the  engineer  may  project  the  location  upon  it  with 
great  certainty  and  economy  of  result.  But  he  should  calcu- 
late the  traverse  of  the  location  as  projected,  and  compare  it 
with  the  traverse  of  the  preliminary,  to  eliminate  all  errors  in 
drafting,  before  taking  his  notes  to  the  field  to  reproduce  the 
location  on  the  ground.  Any  point  where  the  location  crossiBS 
the  preliminary  should  have  the  same  latitude  and  longitude 
by  the  traverse  of  either  line.  This  system,  though  laborious, 
is  the  only  one  that  will  ensure  a  successful  location  under  the 
circumstances  supposed.    Advantage  may  sometimes  be  taken 
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of  cold  weather  to  cross  bays  and  inlets  on  the  ice,  but  there 
is  great  liability  to  error  in  angles  taken  upon  the  ice,  due  both 
to  its  motion  and  to  the  sinking  of  the  feet  of  the  tripod  into 
the  ice  as  soon  as  exposed  to  the  rays  of  the  sun. 


CHAPTER  m. 
Thboby  of  Maximum  Economy  in  Gbades  and  Cxjbvbs. 

56.  Before  commencing  the  field  work  of  location  it  de- 
volves upon  the  engineer  to  decide  as  to  which  of  the  surveyed 
routes  shall  be  adopted  as  being  most  advantageous  in  all 
respects,  and  also  to  establish  the  maximum  grade  in  each 
direction  and  the  minimum  radius  of  curve  on  that  route. 

The  general  considerations  which  guide  the  engineer  in  the 
selection  of  one  of  several  routes  for  location  are  such  as  were 
hinted  at  in  the  chapter  on  reconnoissance,  but  upon  the  com- 
pletion of  the  preliminary  surveys  he  has  at  hand  a  large 
amount  of  information  which  enables  him  to  consider  this 
important  question  much  more  in  detail.  Unless  his  instruc- 
tions are  explicitly  to  the  contrary,  he  may  assume  it  to  be  his 
duty  to  find  the  bsMt  line,  or  that  one  which,  for  a  series  of 
years  following  the  completion  of  the  road,  will  require  the 
least  annual  expense,  including  interest  on  first  cost.  The 
finances  of  the  company  may  be  so  limited  as  not  to  permit 
the  construction  of  the  best  line  at  once,  and  it  may  then  be 
the  duty  of  the  engineer  to  select  the  cheapest  line,  or  that  of 
least  first  cost,  as  a  temporary  expedient,  with  the  expectation 
of  building  the  road  at  its  best  when  the  improved  credit  of 
the  company  will  permit.  But  generally  he  will  be  able  to 
build  the  cheaper  portions  of  the  best  line  at  once,  only  making 
deviations  and  introducing  heavier  grades  at  the  expensive 
points  to  avoid  a  cost  beyond  the  present  means  at  his  com- 
mand. The  selection  of  the  best  line  may  be  a  question  as 
between  different  routes  or  as  between  different  grades  and 
curves  on  the  same  route.  We  will  consider  the  latter  case 
first. 

66.  To  solve  the  problem  of  true  economy  we  must 
determine  the  actual  expense  both  of  building  and  operating 
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the  line  at  a  given  maximum  grade,  and  also  what  changes  will 
be  made  in  these  expenses  hj  a  change  in  that  maximum.  We 
have  then,  on  one  hand,  the  annual  interest  upon  the  original 
cost,  and,  on  the  other,  the  annual  expense  of  operating  the  road. 
Tlie  best  ffrade  is  that  which  uoiU  render  the  swm  of  these  two  a 
minimuM.  Both  forms  oi  expense  consist  of  two  parts:  one 
that  is  affected  by  a  cuange  m  grade,  and  the  other  that  is  not. 
Clearly  the  former  is  the  only  one  we  have  to  consider  in  either, 
since  when  the  sum  of  the  variable  portions  is  a  minimum,  the 
sum  total  will  be  a  minimum  also.  The  varying  portions  then 
are  functions  of  the  grade,  though  independent  of  each  other. 
If,  therefore,  we  let  z'  represent  the  maximum  grade  in  feet 
per  mile,  and  let  x  represent  the  corresponding  value  of  that 
portion  of  the  annual  expense  which  varies  with  the  grade, 
and  establish  the  relation  existing  between  the  two,  we  shall 
have  X  =f(z').  Similarly  if  we  let  y  represent  the  interest  on 
so  much  of  the  first  cost  as  is  affected  by  grade,  we  shall  have 
y=f'  (z').  The  problem  then  is  to  find  that  value  of  z'  which 
shall  render 

x-\-y  =  a  minimum. 
Let  us  now  seek  the  complete  expression  represented  by 

The  elements  that  enter  into  this  expression  are  numerous, 
and  will  "be  considered  in  succession. 

57*  The  traction  of  an  engine  is  the  force  with  which 
it  pulls  a  train,  and  is  limited  by  the  reaction  of  the  drivers 
against  the  rails.  It  depends  on  the  weight  upon  each  driver,  the 
number  of  drivers,  and  the  coeflicient  of  friction.  The  weight 
on  one  driver  should  not  exceed  12,000  lbs.,  and  is  usually  less 
than  this.  If  the  exact  proportions  of  engine  that  will  be 
used  on  the  road  are  not  known,  the  weight  per  driver  may 
be  assumed  at  10,000  lbs.,  with  4  drivers  for  ordinary  grades 
and  traffic,  or  at  11,000  lbs.  with  6  drivers,  if  the  grades  are 
steep  and  the  tonnage  large.  For  extraordinary  grades  special 
engines  are  required,  having  8  or  10  drivers.  The  coefficient 
of  friction,  called  also  the  adhesion,  varies  from  .09  to  .37, 
these  being  the  extremes  on  record.  The  lowest  is  due  to 
extremely  unfavorable  circumstances,  as  sleet  and  frost;  the 
highest  doubtless  to  the  use  of  sand,  though  not  so  stated  in 
the  record.    The  more  conmion  range  of  values  is  from  .15  to 
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.25.  For  our  present  purpose  it  will  be  assumed  at  .20,  so 
that  if  a  4-driver  engine  has  10,000  lbs.  on  each  driver,  ita 
traction  is  40,000  X  .30  =  8000  lbs.  when  hauling  its  maximum 
train. 

58.  The  expense  of  running  an  engine  one  mile,  hauling 
a  train,  on  the  proposed  road,  can  only  be  estimated  from  the 
experience  on  other  roads  similarly  situated.  The  expense  is 
composed  of  the  items  of  fuel,  water,  oil  and  waste,  repairs 
(including  renewals),  wages  of  conductor,  engineer,  and  fire- 
man, engine-house  expenses,  and  interest  on  first  cost  of 
engine  and  engine-^stall.  The  range  and  approximate  average 
of  these  items  is  here  given: 


Itkms. 

4-DRrrRR  Engine. 

4-Driver 

C-Dritbr 

8-Driver 

Lowest. 

Highest. 

Average. 

Average. 

Average. 

Fuel 

Water 

$0,050 
.001 
.004 
.050 
050 
025 
.0^5 

$0,210 
.010 
.030 
.150 
.100 
.060 
.038 

$0,100 
.004 
.006 
.080 
.075 
.035 
.080 

$0,165 
.006 
.008 
.104 
.075 
.050 
.068 

t0.2l6 
.008 

Oil  and  waste 

Repairs  and  renewals 
Wages 

.010 
.133 
.075 

Engine-house 

Interest '. 

.060 
.047 

Totals 

.205 

.698 

.830 

.446 

.546 

In  a  given  case  the  probable  value  of  each  item  should  be 
estimated  separately,  and  the  sum  taken  afterwards.  In  the 
above  averages  each  engine  is  supposed  to  haul  its  maximum 
train.  The  relative  expense  of  the  several  classes  of  engines 
has  not  been  established  conclusively. 

59.  The  resistance  offered  to  the  motion  of  a  railway 
train  is  occasioned  by  a  variety  of  causes,  concerning  which 
a  great  deal  of  uncertainty  exists  as  to  their  relative  effect. 
An  investigation  which  should  seek  to  determine  the  exact 
amount  of  each  partial  resistance,  and  then  by  a  summation 
derive  the  total,  would  be  tedious,  and,  in  the  present  state  of 
our  knowledge,  unsatisfactory.  We  shall  therefore  simply 
group  the  resistances  under  three  general  heads,  namely: 

Resistance  dUe  to  uniform  motion  on  a  straight,  level  track; 

Resistance  due  to  grade ; 

Resistance  due  to  curvature. 
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CO*  The  first  of  these,  considered  as  an  aggregate  of 
the  various  items  of  friction  in  engine  and  train,  of  oscillations 
and  impacts,  and  of  resistance  of  the  atmosphere,  is  found  to 
vary  nearly  or  quite  as  the  square  of  the  velocity.  The  fric- 
tion of  an  engine  is  greater  in  proportion  to  its  weight  than 
that  of  a  car,  owing  to  its  many  moving  parts,  so  that  the 
resistance  of  a  short  train  is  greater  in  proportion  to  its  total 
weight  than  that  of  a  long  train.  The  resistance  of  the  atmos- 
phere is  greater  also  in  proportion  to  the  weight  of  a  short 
train  than  of  a  long  one.  An  empty  train  will  offer  more 
resistance  in  proportion  to  its  weight  than  a  loaded  one.  A 
formula  which  shall  express  the  resistance  of  a  train  to  uni- 
form motion  must  include  at  least  the  velocity  and  the  weight 
of  the  train  and  engine. 

The  following  empirical  formula  is  based  upon  a  careful 
investigation  of  all  such  records  of  experiments  on  the  subject, 
several  hundred  in  number,  as  have  come  to  the  author's  notice, 
and  is  believed  to  give  results  agreeing  closely  with  the  average 
experience  and  practice  of  the  present  day.  It  is  designed  to 
give  the  resistance  per  ton  for  all  trains,  whether  freight  or 
passenger,  and  at  any  velocity,  under  ordinary  circumstances. 
Accidental  circumstances,  such  as  the  state  of  the  weather, 
and  the  condition  of  the  road-bed,  rails,  and  rolling  stock,  may 
largely  modify  the  resistance,  but  these,  of  course,  are  not 
taken  account  of  in  the  formula. 

Let  V  =  velocity  of  train  in  miles  per  hour, 
£J  =  weight  of  engine  and  tender  in  tons, 
W  =  weight  of  cars  in  tons, 
*'    T  =  weight  of  freight  in  tons, 
**    q  =  resistance  to  uniform  motion  in  lbs.  per  ton. 

We  then  have  the  formula 

,  =  5.4+(.006  +  -^f^)F.  as 

61.  The  second  resistance  considered  is  that  due  to 
gravity  in  grades.    It  varies  in  the  exact  ratio  of  the  rise  to  the 
length  of  the  grade. 
Let  G^   =  rise  of  grade  in  feet  per  station. 
Gj^  =  rise  of  grade  in  feet  per  mile. 
^     =  resistance  in  pounds  per  ton  due  to  gi*ade. 


tt 
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Then, 

lUU 


(2) 


62.  The  third  resistance  considered  is  that  due  to 
curvature  of  the  track.  This  resistance  is  due  to  the  friction 
of  the  wheels  upon  the  top  of  the  rail,  and  of  their  flanges  upon 
the  side  of  the  rail.  The  top  friction  is  lateral,  due  to  the 
oblique  position  of  the  wheel  on  the  rail,  and  longitudinal,  due 
to  the  greater  length  of  the  outer  rail,  since  both  wheels  are 
rigidly  attached  to  the  axle.  The  flange  friction  is  due  to  the 
reaction  of  the. top  friction,  which,  combined  with  the  parallel- 
ism of  the  axles,  throws  the  truck  into  an  oblique  position  on 
the  track.  A  forward  flange  presses  the  outer  rail,  while  a  rear 
flange  is  usually  in  contact  with  the  inner  rail.  The  centri- 
fugal force  of  the  car  will  increase  the  pressure  on  the  outer 
rail,  unless  the  ties  are  inclined  at  an  angle  sufficient  to  coun- 
terbalance this  force.  But  if  the  ties  are  inclined  too  much, 
or  the  velocity  is  less,  the  pressure  on  the  inner  rail  will  be 
increased.  An  uneven  track  will  cause  the  truck  to  pursue  a 
zigzag  course,  increasing  the  resistance  considerably. 

Experiments  for  determining  the  amount  of  curve  resistance 
have  been  neither  numerous  nor  very  satisfactory,  but  the 
generally  accepted  conclusion  is  that  the  resistance  is  a  little 
less  than  half  a  pound  per  ton  on  a  one-degree  curve,  and  that 
it  varies  as  the  degree  of  curve.  On  European  roads,  how- 
ever, it  is  estimated  at  about  one  pound  per  ton  per  degree  of 
cu've,  owing  largely  to  the  form  of  rolling  stock  used. 

63.  Let  q"  =  curve  resistance  in  pounds  per  ton  on  any 

curve, 
and  D  =  degree  of  curve. 
Then,  assuming  the  resistance  per  ton  on  a  one-degree  curve 
at  0. 560,  we  have  for  ai  ly  other  curve 

q'  =  0.56D  (S) 

To  ascertain  what  grade  upon  a  f  traight  line  will  offer  the 
same  resistance  as  a  given  curve;  substitute  the  value  of  q" 
for  q'  in  eq.  (3)  and  solve  for  G;  whence 

G,  ^O.OMDl  ... 


MAXIMUM   KCO:S0JiY  lli  GHAUM,  ETC.  W 

For  4eflftition  of  ^gree  of  curve,  aee  Art.  8^ 

B4.  It  is  evident  that  grades  aod  Qurves,  by  tb^r  r^i^tapce^, 
fix  a  limit  to  the  weight  of  a  train  whicli  a  given  engine  can 
haul  over  them. 

A  locomotive  is  usually  built  with  such  a  surplus  of  boiler 
and  cylinder  capacity  that  its  power,  at  ordinary  velocities,  is 
limited  by  the  adhesion  of  the  drivers,  90  th^t  the  adhesipii  is 
the  proper  measure  of  the  tractive  force. 

2^0  find  an  expt*e8s(on  for  the  mosdmum  train  wJiich  a  given 
engine  can  hatU  oter  a,  given  grade  and  curve: 

Let    P  =  tractive  force  of  engine  in  pounds, 

T'  =  weight  of  paying  load  in  tons  per  maximum 

train, 
W  =  wei^t  in  tons  of  ears  carrying  the  load  T'. 

Then  for  uniform  motion,  at  a  given  velocity, 

(£!+  W  +  n  (g  +  q'  +  <t)  =  P  (5) 

Let  t  =  average  load  of  one  car  m  ton^ 

"'  w  =  average  weight  of  ojje  car  md  load  In  toa^. 

w 
Then  TT'  +  T'  =  —T\  substituting  which  in  eq.  (5)  we  derive 


<< 


It 


w\a  A-  (T  A-  (f         / 


In  thi9  equation  q  —  the  resistance  per  ton  due  to  uniform 
motion,  q[  =  the  resistan^cp  per  ton  due  to  the  maximum  grade 
opposed  to  the  direction  of  the  train,  and  5'"  =  the  resistance 
per  ton  due  to  the  sharpest  curve  on  that  grade. 

For  accelerated  motion  the  reaction  of  inertia  of  the  train 
must  be  added  to  the  abovQ  resistances.  This  Is  estimated  at 
\q,  in  order  that  a  train  starting  from  rest  may  acquire  the 
requisite  maximum  velocity,  even  on  a  maximum  grade,  in  a 
reasonable  time,  say  from  3  to  6  mlnutei.  Therefore,  for 
accelerated  motioii, 


Now,  tlM?  vaJues  of  T  and  q  involve  each  other,  but  if  we 
accent  Wand  jTin  eq.  (1)  the  value  of  q  becomes  that  used  in 
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eq.  (7),  and  we  may  eliminate  q  between  these  equations,  and 
derive  the  value  of  T' ;  whence 

-(P-.0009^«F«) 

w  t 

^  "^  </'  +  «"  + 8.1 +  . 009  F«  "w^  (®) 

Also,  for  the  weight  of  maximum  train  and  load, 

„  f-.OOWig'F'  ,„ 

^  +^  -5'-(.3"  +  8.1  +  .009F»  "^  ^'^ 

which  is  the  expression  required. 

When  there  is  no  curve  on  the  maximum  grade,  q"  is  zero; 
and  when  there  is  no  grade,  q'  is  zero;  hence  for  a  straight  level 
track  eq.  (7)  becomes 


and  eq.  (8) 


-(P-.0009^*F«) 
*>  "       8.1  +  .009F*  w 


(10) 


65.  An  eng^ne-stagre  is  a  division  of  the  road  to  which 
an  engine  is  limited,  and  over  which  it  regularly  hauls  a  train. 
Its  length  varies,  on  existing  roads,  from  50  to  200  miles  or 
more,  depending  on  the  grades,  on  the  length  of  the  whole 
line,  and  on  the  distance  between  points  favorable  for  the  loca- 
tion of  shops,  etc.  The  average  engine-stage  on  American 
roads  is  not  far  from  75  miles.  If  there  are  to  be  several 
engine-stages  on  the  proposed  line,  the  problem  of  maximum 
economy  of  grade  must  be  solved  with  reference  to  each  of 
them  separately. 
Let  L  =  length  of  engine-stage  in  miles, 

*'   e  =  expense  per  engine -mile  in  dollars, 
i      **  J.  =  average  annual  paying  freight  in  tons  moving  im 
one  direction,  and 

*'  «  =  average  annual  paying  freight  in  tons,  moving  in 
the  opposite  direction;  and  if  these  are  not  equal,  let  A  be 
greater  than  a.  Now  T'  eq.  (8)  is  the  maximum  train-load 
which,  at  a  velocity  F,  should  be  hauled  up  steepest  grade  «', 

opposed  to  the  direction  of  the  tonnage  A\  hence  -=-,  =-  the 
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number  of  trains  per  annum;  and  since  each  train  must  go 

2IJA. 
and  return, .-.  — ^-  =  the  total  train-mileage  per  annum. 

If  there  were  no  return  tonnage,  the  annual  expense  charge- 

2AjLe 
able  to  A  would  be     j,,  ,  but  since  some  of  the  cars  return 

loaded  with  the  freight  a,  these  are  not  chargeable  to  A,  and 
must  be  deducted  from  the  above  expression.  Hence  if  we 
denote  the  annual  expense  of  engine-mileage  by  x, 

x  =  ^=^  (11) 

in  which  the  value  of  the  maximum  grade  z'  is  involved  in 
the  value  of  T\ 

But  we  may  obtain  an  expression  for  x  in  terms  of  z' ;  for, 
at  any  given  velocity,  the  resistance,  q^y  on  a  level  is  equal  to 
the  resistance  due  to  a  certain  grade  z^,  the  value  of  which  is, 
by  eq.  (2),  for  uniform  motion, 

33 

So  the  resistance,  g,  to  motion  up  a  grade  z'  is  equal  to 

33 

the  resistance  due  to  some  grade  «  =  —  §',  the  total  resistance 

being  that  due  to  the  combined  grades  z  +  z'.  Now,  since 
the  gross  weight  of  a  maximum  train,  under  a  constant  engine 
power,  is  inversely  as  the  resistances,  we  have,  for  conditions 
of  accelerated  motion: 


whence 


^T'+E:jT,'+E::iz,  :  iz  +  z^ 

iT',z,^^E(z'  +  Hz^z,)) 
T'  = ^-iTj—, (12) 

in  which  T\  =  maximum  train-load  on  a  level  line.     Substi- 
tuting this  value  of  2"  in  eq.  (11)  we  have 

^^^ {2  A  ^a)Le      (18) 

fr',2;,-;^^(«'  +  f(0-2ro)) 

which  is  the  complete  expression  f or  a;  =  /  («')  required. 


*=  t 
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66*  Could  we  also  find  a  complete  expression  for  ^  s=/'  (eO. 
we  might  tlien  proceed  to  find,  by  analysis,  that  value  of 
g'  which  would  render  x  -\-y  =  &  minimum.  But  the  value 
of  y  cannot  be  formulated,  since  it  depends  on  the  accidental 
features  of  the  country  through  which  the  line  passes;  it  can 
only  be  determined  for  any  given  value  of  z'  by  an  estimate 
based  on  the  survey.  We  therefore  resort  to  a  graphical 
solution. 

Equation  (18)  is  the  equation  of  a  curve  in  the  plane  ZX, 
Fig.  2.  If  we  assume  several  values  of  z\  and  calculate  the 
corresponding  values  of  x,  we  may  lay  these  off  by  scale  on 
the  axes  of  Z  and  X  respectively,  and  so  obtain  several  points 


Fia.  2. 

through  which  the  curve  of  annual  expense  may  be  drawn. 
We  then  make  estimates  of  the  cost  of  constructing  the  road 
at  the  same  values  of  2',  and  taking  the  annual  interest  of 
each  estimate  as  an  ordinate  y  to  OZ  in  the  plane  ZT^  we  lay 
it  off  to  scale  at  the  proper  height,  thus  obtaining  a  series  of 
points  in  the  plane  ZT,  through  which  the  curve  of  annual 
interest  on  first  cost  may  be  drawn.     If  now  we  suppose  the 
plane  ZY  to  be  revolved  to  the  left  about  the  axis  OZ  until 
it  coincides  with  the  plane  OX,  as  in  Fig.  2,  we  shall  see 
that  the  two  curves  are  convex  to  OZ  and  to  each  other.     The 
shortest  horizontal  line  intercepted  by  them  indicates  the 
minimum  value  of  (x  +  y),  and  the  point  where  this  line  cuts 
the  axis  OZ  indicates  the  corresponding  value  of  z\  which  is 
the  one  required.     If  tangents  be  drawn  to  the  curves  at  the 
points  where  the  shortest  horizontal  line  intersects  them,  the 
tangents  will  be  parallel  to  each  other.    Any  convenient  scales 
may  be  used  to  lay  off  the  values  of  z'  and  «,  provided  that 
the  values  of  x  and  y  be  laid  off  to  the  mme  scale.    It  is  well 
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to  reduce  all  the  values  of  x  by  an  amount  common  to  them 
all,  and  the  same  with  respect  to  values  of  y,  before  laying 
them  off  to  scale.  This  will  bring  the  two  curves  nearer 
together  without  altering  their  form. 

67.  To  facilitate  the  calculation  of  x,  we  give  on  the  next 

page  a  table  of  values  of  ^  for  several  engines,  using  eq.  (8) 

for  this  purpose.  The  value  of  x  is  therefore  found,  eq.  (11) 
or  (13),  by  multiplying  {^A  —  a)  Le  by  the  proper  tabular 
number,  under  conditions  assumed  as  follows: 

t    =10  tons  of  freight  per  car-load; 

10  =  18  tons  per  car  and  load; 

F  =  12  miles  per  hour. 

For  a   4-driver  engine,  ^  =  42     tons;  P  ==    8100  lbs. 

For  a   6-driver  engine,  ^  =  49.5    '*      P  =  12600 

For  an  8-driver  engine,  E  =  59.4    "      P  =  17280 

Substituting  these  values  in  eq.  (8),  and  making  q"  =  0, 
we  find  the  maximum  loads  of  freight  which  the  several 
engines  can  haul  up  the  grade  whose  resistance  is  g".  The 
reciprocals  of  these  loads  are  given  in  the  table  opposite  the 
grades  noted  in  the  first  and  last  columns. 

68.  Since  q"  is  made  zero,  the  grades  in  the  table  are 
assumed  to  be  on  straight  lines.  In  locating  a  road,  the 
mcmmum  grade  should  be  reduced  on  a  curve  by  the  amount 
of  the  equivalent-grade  of  the  curve,  eq.  (4),  so  that  the  resist- 
ance  may  be  no  greater  on  the  curve  than  elsewhere.  But 
grades  less  than  the  maximum  need  not  necessarily  be  reduced 
for  the  curves  upon  them,  unless  the  sum  of  the  grade  and  the 
curve-equivalent  exceeds  the  maximum. 

69.  For  an  example,  let  us  suppose  that  a  certain  engine- 
stage  is  to  be  80  miles  long,  and  that  an  estimate  of  the  cost  of 
construction  has  been  made,  based  on  a  ruling  or  maximum 
grade  of  52.8  ft.  per  mile  against  the  heavier  trafiic,  and  that 
the  annual  interest  on  the  estimate  amounts  to  $168,000. 

Let  us  further  suppose  that  the  average  traflSc  in  one  direc- 
tion is  estimated  at  375  000  tons  per  annum,  and  in  the  other 
direction  at  125  000  tons,  that  it  is  decided  to  use  6-driver 
engines,  and  that  the  expense  per  engine-mile  is  estimated  at 
40  cents ;  hence  (2A  '^a)Le  =  200QO  000,  We  are  now  required 
to  find  the  most  economical  maximum  grade. 

We  first  select  at  least  two  other  tnaximum  grades,  and  having 
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F=12. 


Table  oi*  Reoipbooal8  of  T'. 


t^lO,w  =  18. 


(?.. 


4.0 
3.9 
8.8 
8.7 
8.6 
8.5 


8. 
3 


8.2 
3.1 

8.0 
2.9 
2.8 
2.7 
2.6 
2.5 
2.4 
2.8 
2.2 
2.1 

2.0 
1.9 
1.8 
1.7 
1.6 
1.5 
1.4 
1.8 
1.2 
1.1 

1.0 
.9 
.8 
.7 
.6 
,6 
.4 
.8 
.2 
.1 

0.0 


P=8100 


.0479  844 
.0457  899 
.0436  086 
.0415  679 
.0396  269 
.0377  712 
.0859  980 
.0343  012 
.0826  759 
.0811 176 

.0296  224 
.0281864 
.0268  061 
.0254  784 
.0242  005 
.0229  695 
.0217  828 
.0206  881 
.0195  883 
.0184  663 

.0174  852 
.0164  882 
.0164  786 
.0145  399 
.0136  356 
.0127  598 
.0119  099 
.0110  860 
.0102  865 
.0096104 

.0087  566 
.0080  242 
.0073123 
.0066  200 
.0059  466 
.0052  913 
.0046  533 
.0M0  820 
.0084  268 
.0088  370 
.0022  620 


Diff. 


22  445 
21363 
20  357 
19  420 
18  547 
17  732 
16  968 
1G253 
15  583 

14  952 

14  860 
13  808 
13  277 
12  779 
12  810 
11867 
11447 
11048 
10  670 

10  811 

9970 
9646 
9  387 
9043 
8  763 
8  494 
8239 
7995 
7  761 

7588 

7824 
7119 
6928 
6784 
6553 
6880 
6  218 
6062 
5898 
6  750 


E=4Q.5 
P=  12600 


0241385 
0232  481 
0228  789 
0215  297 
0207  094 
0199120 
0191  367 
0183  824 
0176  483 
0169  386 

0162  876 
0155  696 
0148  988 
0142  546 
0186  264 
0180136 
0124157 
0118  821 
0112  622 
0107  056 

0101620 
0096  306 
0091115 
0086  089 
0081074 
0076  218 
0071467 

0066  818 
0062  267 

0067  810 

0058  445 
0049  1/1 
0044  984 
0040  880 
0086  858 
0082  916 
0029  050 
0025  259 
0021540 
0017  892 
0014  312 


Dlff. 


8954 
8  692 
S442 
8203 
7  974 
7  7'!)8 
7548 

7  841 
7147 

6960 

6780 
6606 
6442 
6282 
6128 
6  979 
5836 
6  699 
6666 

5436 

5  812 
5196 

6  076 
4965 
4866 
4  761 
4  649 
4  651 
4  467 

4365 

4  274 
4187 
4104 
4022 
3  948 
3865 

8  791 
8  719 
8  648 
8580 


^=69.4 
P=  17280 


.0162 
.0167 
•0161 
.0146 
.0141 
.0186 
.0131 
.0126 
.0121 
.0116 


847 
250 
786 
160 
288 
146 
168 
80S 
645 
892 


.0112  839 
.0107  884 
.0103  624 
.0099  255 
.0096  076 
.0090  961 
.0066  970 
.0068  040 
.0079188 
.G075  418 


712 
062 
622 
029 
602 
289 
988 
698 
517 


.0071 
.0068 
.0064 
.0061 
.0057 
.0064 
.0050 
.0047 
.0041 
.0041 


.0088  824 
.0085  809 
.0082  847 
.0029  437 
.0028  677 
.0028  766 
.0021002 
.0018  284 
.0016  612 
.0012  964 
.0010  809 


Dlff.     ft 


«' 


5  697 

6  464 
5886 
6212 
5092 
4978 
4866 
4  757 
4658 

4658 

4466 
4860 
4269 
4180 
4094 
4  011 
8930 
8862 
8  775 

8  701 

8680 
8560 
8  498 
8427 
8863 
3  301 
8240 
8181 
8124 

8069 

8015 
2962 
2  910 
2860 
2  811 
2764 
2  718 
2  672 
2628 
2686 


rt.  per 
mue. 


211.20 
205.92 
200.64 
195.36 
190.08 
184.80 
179.58 
174.94 
168.96 
168.68 

158.40 
158.12 
147.84 
142.56 
187.28 
132.00 
126.72 
121.44 
116.16 
110.88 

105.00 
100.82 
95.04 
89.76 
84.48 
79.90 
73.02 
68.64 
63.96 
58.06 

62.80 
47.68 
42.24 
86.06 
81.08 
26.40 
21.18 
15.84 
10.66 
6.88 
0.00 


In  this  table  T'  =:  tons  of  freight  for  a  maximum  train  of 
fully  loaded  cars  hauled  up  any  grade  z'  at  a  velocity  of  12 
miles  per  hour ;  the  ratio  of  dead  to  paying  load  being  assumed 
at  8  to  10.  Hence  gross  load  of  tram  behind  engine  =  +§  T'. 
The  track  is  assumed  straight,  hence  q"  =  Oin  eq.  (8)  foi 
this  table. 
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made  An  estimate  of  the  coat  of  conatructiDg  the  road  upon 
each,  take  the  annual  interest  of  each,  as  In  the  first  case.  Let 
U8  suppose  the  two  ruling  grades  thus  selected  to  Jw  73.93  ft 
and  31.68  ft.  per  mile,  or  1.4  ft,  per  station  and  0.6  ft.  per 
elation,  and  tlie  interest  on  the  estimates  to  be  |145  S96  and 
f204  888  respectively,  giving  the  following  statement: 


145  568 
168  000 
204  388 


Sdditt. 


»■ 

V. 

i 

a 

8308 

143  034 
138  83S 

11S0% 

161068 

si 

175788 

8  (160 

iS!S 

204  888 

10«8 

The  numbers  ia  the  fourth  and  fifth  columns  are  obtained 
as  follows;  the  values  assumed  above  give  us  I^A  —  a)  Le  = 
130  000  000,  and  this  multiplied  by  the  tabular  differences  in 
the  preceding  table  for  a  6-driver  engine,  gives  the  numbers  in 
the  fourth  column.  We  now  observe  that  the  differences  of 
K  and  of  y  increase  in  opposite  directions,  therefore  at  some 
point  they  will  be  equal ;  and  a  simple  inspection  shows  us  that 
this  point  is  at  or  near  the  grade  of  0.8,  which  is  therefore 
the  grade  required.  We  now  nniltiply  the  tabular  number  for 
0.9,  and  a  6-driver  engine  by  $20  000  000,  for  the  number  in 
ttie  fifth  column,  and  this  added  to  the  value  of  y  on  the 
same  line  gives  the  sum  of  (a  -|-  y)  for  the  most  economical 
grade.  This  of  course  is  not  the  total  annual  outlay  of  the 
road,  or  engine-stage,  because  many  items  of  expense  which 
are  independent  of  a  maximum  grade  have  not  been  cou' 
didered. 


ae 
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If  9a  Wriver  engiDo  were  to  be  u«e<i,  and  the  ©j^p^pae  per 
mgim'm\&  eiHimitWd  at  50  cte.,  then  (34  ^a)Z^^$ii^0O00QO; 


<?.. 

y- 

diflf.y. 

diff.  0?. 

(C. 

x+y. 

«'. 

1.1 

1.0 
0.9 

161068 
166  000 
175  786 

6  9ia 

7786 

7673 
7538 

96810 

968810 

62.80 

indicating  a  saving  of  $10  318  per  annum  in  the  case  supposed 
by  using  8- driver  engines,  although  on  a  steeper  ruling  grade. 
On  the  other  hand,  should  we  adopt  4-driver  engines,  and  esti- 
mate the  expense  per  engine-mile  at  30  cents,  we  should  find 
the  most  economical  grade  to  be  0.7  per  station  and  {x  -|-  y) 
=  $293  280,  showing  a  loss  in  this  case  of  $19  152  per  annum, 
as  compared  with  the  results  of  6-driver  engines. 
It  should  be  remembered  that  the  table  §  67  is  prepared  on 

the  assumption  that  the  ratio  —  ^  r-^.  If  cars  ar^  to  be  used 
givmg  for  full  loads  any  other  ratio,  — > ,  a  new  table  may  be 

prepared  by  multiplying   each  tabular  number  ^  "^o  X  y . 

The  velocity  adopted  of  12  miles  per  hour  is  sufficient  for 
ordiofoy  tprodw.  Wh^n  tb«  mai^imum  grade  u  v^ry  low,  k 
would  be  better  to  use  15  or  18  miles  an  hour  in  calculating 
the  value  of  a;. 

70^  Since  ^.  eq.  (11),  varief  directly  w  L,it  i^  important 
that  an  engloe-rtage  having  heavy  grades  should  be  «hort.  It» 
length,  however,  must  be  consistent  with  the  economical 
length  of  the  adjoining  enginc-Btages,  and  with  the  i^»oiiRt  of 
work  which  an  engine  ought  to  perform  daily*  The  moat 
favorable  condition  for  a  road  wmild  be  that  m  which  all  the 
engine'Bl^gee  were  operated  at  equal  eirpense.  But  if,  to 
secure  thia  result,  the  engine-stage  of  heavy  grades  must  bie 
unreasonably  reduced  in  length,  it  will  be  better  to  adapt  the 
grades  to  the  use  of  two  engines  per  train. 

71.  Tlie  maximum  grade  fi',  opposed  to  the  heavier  tonnage 
At  having  been  determined,  we  have  now  to  conaider  what  ia 
the  limit  to  grades  in  the  opposite  direction.    The  engines  are 
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luppoaed  to  baul  tl^eir  maxiimun  lofide  in  jboyius  the  ton- 
nage^, «^nd  Bince  the  return  tpimage,  a,  19  le9»  than  A,  the 
engines,  in  returning,  will  not  he  worked  to  their  full  capacity 
if  they  encounter  no  grades  steeper  than  z'.  We  therefore 
have  a  margin  of  power  in  the  returning  engines  which  may 
be  taken  advantage  of  to  cheapen  the  cost  of  construction,  or 
to  shorten  the  line,  by  introducing  grades,  steeper  than  »', 
against  the  lighter  traf&c. 

The  weight  of  a  maximum  train  moving  up  the  grade  z'  is, 
eq.  (9),  W  -{-T';  the  weight  of  the  train  returning  will  be 


^'  +  |^'-(V+3)^' 


Substituting  this  in  place  of  (TT'  +  ^')>  eq.  (9),  and  solving  for 
9',  we  find  the  resistance  due  to  a  maximum  grade  opposed  to 
the  returning  train.  Whence,  by  eq.  (3),  if  we  let  Z  ss  the 
maximum  return  grade,  and  make  q"  rz  0, 

Inawnuch  m  the  value  of  Ovaries  with  every  change  made 

in  9\  the  engineer,  when  estimating  the  co9t  of  construction 

upon  the  basis  of  any  maximum  grade  st\  should  take  care 

that  the  return  grade  Z  nowhere  exceeds  its  limit  as  given  by 

the  last  equation  (14).    In  the  example,  §69,  z'  =  47.52;  hence 

T  =:  203,  d7,  eq.  {$).    Substituting  these  values,  in  eq.  (U),  we 

And  i^=  81,25,  which  is  therefore  the  limit  for  return  grades 

in  this  ca«B.    With  regard  to  curves  on  the  maximum  grade, 

Bee&68. 

33 
72.  If  in  eq.  (1)  welet «  =  ^j  5'  ^  *^®  grade  per  mile  whJch 

offers  a  resistance  equal  to  the  resistance  to  uniform  motion 
on  a  level,  wa  have 

.  =  13.73+ (.01414 +  ^^^)f.        (16) 
When  F=  20  this  becomes 
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which  is  the  grade  down  which  a  train,  whose  weight  is  (J?+ 
Tr+  jT),  if  started  at  20  miles  an  hour,  will  continue  to  move 
at  that  speed  without  steam  or  brakes.  As  that  speed  is  not 
objectionable,  so  the  grade  2,  which  induces  it  is  not,  pro- 
vided it  does  not  exceed  the  values  of  2'  or  Z  respectively, 
determined  with  reference  to  economy.  For  the  extra  work 
done  by  the  engine  in  ascending  one  grade  z  is  utilized  in 
descending  the  next ;  and  the  net  result  is  the  same  as  though 
the  two  were  replaced  by  a  uniform  grade.  The  engineer 
therefore  is  not  warranted  by  economic  considerations  in 
reducing  undulating  grades  which  do  not  exceed  2  to  a  uni- 
form grade,  when  to  do  this  would  cause  any  increase  in  the 
cost  of  construction,  unless  z  exceeds  the  grades  2'  or  Z  of 
maximum  economy. 

73.  But  when  grades  exceed  2,  eq.  (15^),  the  resulting 
speeds  of  the  maximum  train  become  too  great,  and  the  neces- 
sary application  of  the  brakes  absorbs  a  portion  of  the  power 
previously  expended  in  gaining  the  summit,  whicu  is  thus 
worse  than  wasted,  since  it  increases  the  wear  and  tear  of 
machinery  and  track.  Therefore  the  engineer  is  justified  in 
spending  a  certain  sum  of  money  in  reducing  grades  which 
exceed  2  to  that  limit.  A  calculation  of  the  loss  of  power  due 
to  the  use  of  brakes  on  a  grade,  and  of  the  cost  of  that  lost 
power,  together  with  the  resulting  wear  and  tear  per  annum, 
will  give  the  interest  on  the  sum  that  may  be  justifiably  spent 
in  reducing  the  grade  from  its  position  of  cheapest  construc- 
tion. 

74.  The  limit  2  is  not  constant,  but  depends  on  the  weight 
of  the  maximum  train,  which  in  turn  depends  on  2'.  It  will 
not  be  the  same  in  both  directions  unless  A-=a^  giving  2'  =  Z^ 
In  the  example  §69,  E  =  49.5  and  TT'  +  2"  =  366.07;  hence, 
eq.  (15i),  z  =  21.72  descending  in  the  direction  of  the  traflSc  A. 

Also  W  +~T'  =  230.49,  whence  2  =  23.34  descending  in 

the  opposite  direction.     These  are  the  limits  in  this  case  at 
which  undulating  grades  cease  to  be  profitable. 

76.  We  have  finally  to  consider  the  method  for  selecting  the 
best  line  from  several  proposed  routes.  For  this  purpose  we 
determine  the  most  economical  grade  on  each  route  thought 
worthy  of  consideration,  and  calculate  the  interest  on  the 
entire  cost  of  constructing  the  line  with  that  ruling  grade,  and 
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also  the  annual  eocpense  of  operating  the  line,  and  take  the  sum 
of  the  two.  That  route  is  best  in  respect  to  which  this  sum  is 
the  least. 

70.  The  value  of  saving  one  mile  in  distance  on  any  routie 
is  found  by  dividing  the  sum  of  the  annual  operating  expense 
and  the  interest  on  the  cost  of  construction  by  the  rate  of 
interest,  and  the  quotient  by  the  length  of  the  line  in  miles. 

77.  We  have  now  fully  discussed  the  theory  and  developed 
the  formulae  necessary  to  the  determination  of  the  most 
economical  grades;  but  the  value  of  the  results  in  a  given 
case  depend  upon  the  correctness  of  the  engineer's  estimates 
which  enter  into  the  formulae.  These  may  seldom  prove  pre- 
cisely accurate,  yet,  if  he  can  bring  them  within  definite 
limits,  he  may  determine  the  grades  of  maximum  economy 
within  corresponding  limits.  In  the  case  of  a  finished  road 
and  in  full  operation,  however,  the  elements  of  first  cost,  of 
traffic,  and  of  operating  expenses  being  known,  an  investiga- 
tion by  means  of  the  foregoing  formulae  becomes  a  critical  test 
as  to  the  economy  of  the  location  and  grades;  and  should  the 
road  fail  to  pay  dividends,  or  be  forced  to  charge  high  rates 
of  toll,  we  can  determine,  though  perhaps  too  late,  to  what 
extent  the  location  is  chargeable  with  these  results. 


CHAPTER  IV. 
Location. 

78.  A  railroad  is  said  to  be  located  when  its  centre  line  is 
established  on  the  ground  in  the  position  which  it  is  intended 
finally  to  occupy.  The  location  is  made  by  an  engineer  corps 
similar  in  its  organization  to  that  employed  on  preliminary 
surveys.  The  instruments  used  are  also  the  same,  except  that 
the  transit  is  substituted  for  the  compass,  and  usually  the  target 
rod  for  the  self-reading  rod.  The  magnetic  needle  is  never 
used  upon  the  centre  line,  except  as  a  rough  check  on  the 
transit  work.  It  is  used,  however,  to  obtain  the  direction  of 
property  lines,  roads,  and  other  topographical  data. 

79.  The  remarks  upon  transit  work  in  the  preceding 
chapter  apply  to  the  running  of  straight  lines  on  location.    All 


40  FIELD  BNaiKEEEING. 

field-work  on  location  should  be  done  with  accuracy  and 
fidelity.  No  guesswork,  nor  rude  approximations,  are  to  be 
tolerated.  All  transit  points  are  made  as  secure  and  permanent 
as  possible,  and  the  more  important  ones  are  guarded  by  other 
transit  points  set  in  safe  positions  near  by,  their  distances  and 
directions  from  the  main  point  being  recorded. 

The  stakes  for  the  stations  are  made  neatly,  and  somewhat 
uniform  in  size,  and  they  are  firmly  driven.  Sometimes  a 
small  plug  is  driven  down  flush  with  the  surface  of  the  ground 
to  indicate  the  station  point,  and  the  stake  is  then  set  near  by 
as  a  witness. 

In  locating  a  very  long  tang^ent  the  greatest  care  is  re- 
quired to  make  it  straight  If  the  tangent  is  produced  from 
point  to  point  by  backsights  and  foresights,  the  observation 
should  be  repeated  in  every  instance  with  reversed  instrument, 
to  eliminate  any  possible  lack  of  adjustment,  and  to  check 
any  accidental  error.  (Indeed  it  is  proper  to  observe  this  rule 
on  curves,  as  well  as  on  tangents.)  When  some  object  in  the 
horizon  can  be  used  as  a  foresight,  it  is  preferable  to  set  the 
instrument  by  this  rather  than  by  a  backsight.  For  final  loca- 
tion, the  line  should  be  cleared  to  give  as  continuous  a  line  of 
sight  as  possible,  but  in  case  of  an  obstacle  which  cannot  be 
removed  at  the  time,  at  least  two  independent  methods  of 
passing  it  should  be  employed,  so  that  there  may  be  a  check 
upon  the  alignment  beyond. 

80.  The  leveller  selects  his  benches  far  enough  from  the 
line  to  prevent  their  being  disturbed  during  the  construction  of 
the  road.  They  should  be  nearly  at  grade,  as  a  rule,  though  it 
is  well  to  leave  a  bench  near  a  water-course  for  reference  in  lay- 
ing out  masonry  or  trestle-work.  The  rodman  holds  the  rod 
at  every  station,  and  at  every  point  on  the  centre  line  where 
the  slope  changes  direction,  so  that  these  points  may  be  accu- 
rately defined  on  the  profile.  When  he  uses  a  target  rod,  be 
sets  the  target  as  directed  by  the  leveller,  and  after  clamping 
it,  takes  the  reading.  He  reads  to  thousandths,  upon  turning 
points  and  benches,  but  only  to  tenths  of  a  foot  elsewhere,  and 
announces  the  readings  to  the  leveller  for  record.  He  also 
records  the  readings  upon  turning  points  and  benches  in  his 
own  book  as  a  check.  At  the  close  of  each  day  the  leveller 
and  rodman  compare  notes,  and  draw  a  profile  of  the  line  sur- 
veyed.   (See  also  §§  28,  29,  30.) 
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81.  The  fixing  of  the  grade«linea  upon  the  profile  is 
one  of  the  most  important  operations  connected  with  the  loca- 
tion. It  is  usually  performed  by  the  engineer  in  charge  of 
the  locating  party,  as  being  most  conversant  with  the  general 
character  and  detailed  requirements  of  the  line.  The  maxi- 
mum gradients  will  hare  generally  been  determined  in  advance 
from  the  preliminary  data  by  the  principles  laid  down  in  the 
preceding  chapter,  but  the  position  of  each  grade-line,  relative 
to  the  profile  of  the  surface,  must  be  left  to  the  judgment  and 
skill  of  the  engineer.  In  general,  the  grade-line  is  so  placed 
as  to  equalize  the  amounts  of  excavation  and  embankment, 
but  there  are  various  exceptions  to  this  rule.  Thus,  the  exca- 
vation may  be  in  excess :  first,  when  it  is  necessary  to  pass 
under  some  other  road  or  highway,  the  grade  of  which  cannot 
be  changed;  second,  when  valuable  property  is  to  be  avoided, 
the  appropriation  of  which  would  cost  more  than  the  excava- 
tion; third,  when  the  grade  is  at  the  maximum  near  a  sum- 
mit, and  cannot  be  raised  parallel  to  itself  without  incurring 
too  great  an  expense  for  masonry,  etc.,  at  some  other  part  of 
the  line.  The  embankment  may  be  in  excess,  first,  when  the 
country  is  flat  and  wet,  in  order  to  keep  the  road-bed  well 
drained;  (the  grade4ine  should  be  at  least  two  feet  above  tbe 
average  level  of  the  surface,  or  above  high-water  mark,  if  the 
dietrict  is  subject  to  overflow;)  second,  in  approaching  a 
stream,  where  it  is  necessary  to  raise  the  grade  above  the 
requirements  of  navigation;  third,  when  the  cuttings  on  the 
line  are  largely  in  solid  rock,  and  a  cheaper  material  for 
embankments  may  be  conveniently  had  at  other  points; 
fotirth,  in  a  district  subject  to  heavy  drifts  of  snow,  by  which 
deep  cuts  would  be  liable  to  be  obstructed ;  fifth,  in  side-hill 
work,  where  there  is  danger  of  land-slips;  nxth,  when  it  is 
determined  to  supply  the  place  of  a  portion  of  an  embankment 
by  a  timber  trestle-work  or  other  viaduct. 

The  apparent  equality  of  cut  and  fill  on  the  profile  does  not 
represent  an  equality  in  fact,  owing  to  the  different  bases  and 
slopes  of  the  sections  adopted,  and  to  the  various  inclinations 
of  the  natural  surface  transversely  to  the  line.  This  ie  espe- 
cially true  in  side-hill  work,  where  there  are  both  cut  and  fill 
at  every  point,  while  the  profile  shows  very  little  of  either.  In 
the  latter  case  it  is  an  excellent  plan  to  combine  with  the  pro^ 
file  of  the  centre  line  the  profiles  of  parallel  lines  ten 
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or  twenty  feet  either  side  of  the  centre,  and  drawn  with  differ- 
ent colored  inks,  as  these  will  indicate  tolerably  well  the  relative 
amount  of  cut  and  fill  required.  But  after  the  grade  has  been 
thus  chosen,  the  only  safe  method  in  side-hill  work  is  to 
actually  compute  the  amounts  of  excavation  and  embankment 
from  cross-sections,  mark  the  amount  for  each  cut  and  fill  on 
the  profile,  and  compare  the  results.  Any  changes  required  in 
the  grade  or  alignment  may  then  be  discovered  and  effected 
before  the  work  of  construction  has  begun. 


CHAPTER    V. 

Simple    Curves. 

A.  Elementary  BelaMons, 

82.  The  centre  line  of  a  located  road  is  composed  alternately 
of  straight  lines  and  curves. 

The  straight  lines  are  called  tangents  because  they  are  laid 
exactly  tangent  to  the  curves.  A  tangent  may  be  indefinitely- 
long,  but  should  never,  as  a  rule,  be  shorter  than  200  feet 
between  two  curves  which  deflect  in  opposite  directions,  nor 
shorter  than  500  feet  between  curves  which  deflect  in  the  same 
direction.  A  curve  should  not  be  less  than  200  feet  long. 
When  a  tangent  is  said  to  be  straighty  the  meaning  simply  is 
that  it  has  no  deflections  to  the  right  or  left;  for  since  it  fol- 
lows the  surface  of  the  ground,  it  evidently  has  as  many- 
undulations  as  the  ground.  But  if  we  conceive  a  vertical 
plane  to  be  passed  through  the  line,  a  horizontal  trace  of  this 
plane  will  accurately  represent  the  line;  and  so,  if  we  con- 
ceive a  vertical  cylinder  to  be  passed  through  a  curve  on  the 
surface  of  the  ground,  a  horizontal  trace  of  that  cylinder  will 
accurately  represent  the  curve,  since  all  distances  and  angles 
are  measured  horizontally,  whatever  be  the  irregularities  of 
the  surface.  In  all  problems,  therefore,  relating  to  this  sub- 
ject, we  may  consider  the  ground  to  be  an  absolutely  level 
plain. 

83.  A  Simple  curve  is  a  circular  arc  joining  two  tan- 
gents.   It  is  always  considered  as  limited  by  the  two  tangent 
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points,  and  any  part  of  it  beyond  these  points  is  called  the 
curve  produced.  The  first  tangent  point,  or  the  point  where 
the  curve  begins,  is  called  the  Paint  of  Ou/rve,  and  is  indicated 
by  the  initials  P.  C.  The  point  where  the  curve  euds,  and  the 
next  tangent  begins,  is  called  the  Point  of  Tangent,  and  is  indi- 
cated by  the  initials  P.  T.  When  accessible,  these  points  are 
always  occupied  by  the  transit  in  the  course  of  the  survey, 
and  the  plug  driven  to  fix  the  point  is  guarded,  not  only  by 
the  usual  stake  bearing  the  number  of  the  station,  but  also  by 
another  bearing  the  proper  initials,  the  "  degree"  of  the  curve, 
and  an  "i?"  or  "X"  to  indicate  whether  the  deflection  is  to 
the  Right  or  Left. 

S4c.  A  simple  curve  is  designated  either  by  the  radius,  B, 
or  the  degree  of  curve,  D. 

The  T>egree  of  Curve,  2>,  is  an  angle  at  the  centre,  sub- 
tended by  a  chord  of  100  feet.  It  is  expressed  by  the  number 
of  degrees  and  minutes  in  that  angle,  or  in  the  arc  of  the 

curve  limited  by  the  chord  of  100 
feet.  Therefore  2)  equals  the  num- 
ber of  degrees  of  arc  per  station. 

The  radius  B  and  degree  of 
curve  D  can  be  expressed  in  terms 
of  each  other. 
Let  ab.  Fig.  3,  be  a  chord  of 
^^•^'  100   feet   subtending  an  arc  de- 

scribed with  a  radius  a>o  =  B  from  the  centre  o.  Then,  by 
definition  the  angle  boa  =  D.  Bisect  the  angle  boa  by  a  line 
og,  and  this  line  will  also  bisect  the  chord  ab  and  be  perpen- 
dicular to  it ;  and  in  the  right-angled  triangle  bgo  we  have 

bg  =  ob  X  sin  bog 
or 

-tr-  =  B  sm  il) 
Hence,  to  find  Badius  in  terms  of  Degree  of  Curve: 

B  =  ^  (16) 

Sin  \D 

and  to  find  Degree  of  Curve  in  term^  of  Badius: 

sin  iD  =  ~  (17) 
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It  IB  the  practice  of  English  engineefs  to  assusoe  the  radius 
at  some  round  number  of  feet  and  calculate  the  degree  of  curve, 
which  is  therefore  fractional.  In  America,  on  the  contrary, 
the  degree  of  curve  is  assumed  at  some  integral  number  of 
degrees  or  minutes,  and  the  radius  deduced  from  this. 

jKcawpfo.— What  is  the  radius  of  a  3°  30'  curve? 

50  log        1.698970 

i2>  =  1"  40'       log  sin  8 .  463665 

Ans.  12  =  1719.13   log        3.235805 

Thus  the  second  and  third  columns  of  Table  IV.  have  heeu 
calculated. 

Example. — What  is  the  degree  of  curve  when  the  radius  ia 
600  feet? 

50  log        1.698970 

^  =  600  log        2.778151 

^D  =  4°  46'  48\73  log  sin  8.920819 
Ans,  i?  =  9"33'87".46 

Measurement  of  Curves. 

85.  A  railroad  curve  is  always  assumed  to  be  measured  with 
a  100-foot  chain,  and  as  the  chain  is  stretched  straight  between 
stations  it  cannot  coincide  with  tlie  arc  of  the  curve,  but 
forms  a  chord  to  the  arc,  as  in  Fig.  3.  Consequently  the 
curve  as  measured  from  one  tangent  point  to  the  other  is  an 
inscribed  polygon  of  equal  sides,  each  side  being  100  feet. 
The  sum  of  these  sides  (with  any  fraction  of  a  side  at  either 
end  of  the  curve)  is  called  the  Length  of  curve,  L.  This  length 
L  is  evidently  a  little  less  than  the  length  of  the  actual  arc 
between  the  same  points,  but  the  latter  we  very  seldom  have 
occasion  to  consider. 

86.  If  the  chain  lengths  were  taken  on  the  arc  instead  of  as 
chords  of  the  curve,  the  degree  of  curve  would  be  inversely 
proportional  to  the  radius,  and  since  the  arc  whose  length  is 
equal  to  radius  contains  57.3  degrees  nearly,  we  should  have 

D:57°.3::  100  :  ii 
or 

„     5730 
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ACfmvejAent  formula,  but  only  approximately' true  when  Dia 
small)  ami  seriously  at  fault  when  D  is  large;  the  error  in- 
volved being  proportional  to  the  difference  in  length  of  a 
100-foot  chord,  and  the  arc  which  it  subtends. 

87*  Tlie  Central  Ang^l^  of  a  simple  curve  is  the  angle 
at  the'centre  indttded  between  the  radii  which  pass  through  the 
tangent  points  (P.  0.)  and  (P.  T»),  It  is  therefore  equal  to  the 
number  of  degrees  contained  In  the  entire  arc  of  the  curve 
between  those  points.  The  central  angle  will  be  designated 
by  the  at^ek  letter  a  (delta). 

From  the  definitions  of  the  length  and  deffree  of  curve  we 
have  the  proportion, 

i)  :  A  ::  100  :  X. 

^  Hence,  to  find  the  lienarth.  of  curve  in  terms  of  the  central 
angle: 

X  =.  100 1  (18) 

Example. — What  is  the  length  of  a  4"  curve  when  the  cen- 
tral angl^  IB  !39*? 

2>  =  4*^  and  A  =s  do**  ( 4:^000 

Am.     Z  stt  7  stations  +  85  feet     (      735  feet. 

« 
To  find  the  Central  angle  in  terms  of  tJie  length  and  degree 

ofcun>e: 

EBompk. — What  is  the  central  angle  of  a  5°  curve  730  feet 
long? 

D=:fi%  Li^tdb,        ^^J^^  -86°. 6 

Ans.  A  :^  S6*  30' 

To  find  the  Deg^ree  of  curve  in  terms  of  the  length  and 
^antral  angle! 

I>  s=  100  I  (80) 

Mtampl^'^WhAt  is  the  degree  of  a  curve  8  dtations  long, 
and  having  a  central  angle  of  26"  40'? 

X  =  800,         A  =  26^666,        100  ?^^  =  8°.333 
Ans.  i>  =  3°  20' 
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88.  If  two  tangents,  joined  by  a  simple  curve,  are  produced 
(one  forward  and  the  other  backward)  until  they  intersect,  the 

point  of  intersection,  V  (Fig.  4), 
is  called  the  vertex,  and  the 
exterior  or  deflection  angle 
which  they  make  with  each 
other  is  equal  to  the  central 
angle,  A 

The  Tangrent-distance, 
T,  is  the  distance  from  the 
vertex  to  either  tangent  point; 
thus  in  Fig.  4,T=AV=  VB. 
The  liongr  Chord,  O,  is 
the  line  AB  joining  the  two 
tangent  points. 

The  Middle-ordinate, 
M,  is  the  line  OH,  joining  the 
middle  point  of  the  long  chord  with  the  middle  point  of  th€ 
curve. 

The  External  distance,  B,  is  the  line  HV,  joining  the 
middle  point  of  the  curve  with  the  vertex. 

We  observe  that  both  the  middle-ordinate,  Jf,  and  the 
external  distance,  E,  are  on  the  radial  line  joining  the  centre, 
Oy  with  the  vertex,  F,  and  that  this  line  is  perpendicular  to 
the  long  chord,  C;  also,  that  it  bisects  the  central  angle 
AOB=  Ay  SLud  its  supplement  A  VB.  (Tab.  1. 14)  We  also 
observe  that  the  angle  VAB=  YL  .=iA  (Tcb.  I.  20);  and 
if  in  the  figure  we  draw  the  two  chords  AH  and  BH,  the 
angle  -BJ.if  equals  one  half  the  angle  BOHy  or  BAH=  ABH= 
iA  (Tab.  I.  18);  also  the  angle  VAH=  VBH=.iA, 

89.  If  we  have  laid  out  two  tangents  on  the  ground,  inter 
secting  at  F,  and  have  measured  the  angle,  a  ,  between  them, 
we  may  then  assume  any  other  one  of  the  elements  of  a 
simple  curve  before  mentioned,  and  calculate  the  rest.  If 
we  assume  2>,  for  instance,  we  then  find  B  by  eq.  (16)  or  by 
Table  IV. 

Then,  having  A  and  i?,  we  may  proceed  to  calculate  the 
other  elements  as  they  are  needed. 

90.  To  find  the  Tangent-distance  in  terms  of  the 
Badlua  and  Central  Angle : 
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In  the  right-angled  triangle  YOA,  Fig.  4,  we  have 

VA=0AX  tan  VOA 
.-.  T    =i?taniA  (21) 

OthertDise,  approximately:  In  Table  VI.,  opposite  the  central 
augle,  take  the  value  of  T  for  a  1°  curve  and  divide  it  by  the 
degree  of  curve  D.  If  desirable,  add  the  correction  taken 
from  Table  V.,  corresponding  to  JD. 

Example. — What  is  the  tangent  distance  of  a  4°  curve  with 
a  central  angle  of  30°  ? 

D  =  4r  R  (Table  IV.)     log  3 .  156151 

A  =  30^         i  A  =  15°     log  tan  9 .  428052 


o  1    »  Hero         1^^  4.^^    Ck    Ac\ctf\t'n  i 


An8.  r  =  383.89  feet  log        2.584203 

Otherwise : 

By  Table  VI.  4)1535.3 

Approximate  ans.  383.82 

Correction  from  Table  V.  .08 


Am,    T=  383.90  feet. 

91.  To  find  the  Long  Chord  C,  in  terms  of  J^aditos.  and 

Central  Angle : 
In  the  right-angled  triangle  BOG,  Fig.  4,  we  have 

BG  -  BO  X  sin  BOG 
or  S 

i(7  =  i2siniA 

.  a  =  2i?siniA  (22), 

But  in  case  A  can  be  divided  by  D  without  a  remainder, 
that  is,  if  the  curve  contains  an  exact  number  of  stations  (not 
exceeding  12),  we  may  take  the  long  chord  at  once  from 
Table  VII. 

JSxample. — What  is  the  long  chord  of  a  3°  20'  curve  with  a 
central  angle  of  36°  40'  ? 

2  log        0.301030 

D  =  3°  20',  R  (Tab.  IV.)    log        3.235305 
A  =  36°  40',  i  A  =  18°  20'  log  sin  9.497682 

Ans.  C  =  1081.48  feet  log        3.034017 
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Otherwise: 

5  =  "^  =  ^^  stations 

And  by  Table  VIL  (7=  1081.48. 

92,  To  find  the  Mlddle-ordinate  M,  in  terms  of  EacUtts 
and  CerUral  Angle: 

It  is  evident  from  the  figure  that  if  the  radius  OH  were 
unity,  the  line  OH  would  be  the  nat.  rersed  sine  of  the  arc 
BH  But  the  arc  P^  measures  the  angle  BOH=:iA,  and 
OH=B; 

.-.  Jf5=i2ver8iA  (23) 

But  in  case  A  can  be  divided  by  D  without  a  remainder, 
that  is,  if  the  curve  contains  an  exact  number  of  stations  (not 
exceeding  12),  we  m|iy  take  the  middle-ordinate  at  once  from. 
Table  VIII. 

Example. — What  is  the  middle-ordinate  of  a  4°  30'  curve 
with  a  central  angle  of  40°  30'  ? 

2>  =   4°  80',        B  (Tab.  IV.)  log  3.105022 

A  =r  40'  80',        iA  =  20^^  15'  log  vers  8.791049 

-Aim.  If  =:  78.717  1.896071 

Otherwise; 

fi  =  -r-^  =  9  stations 

and  by  Tab.  VIII.  M  =  78.717 

93.  To  find  the  Bxtemal  Distance  E  in  terms  of 
Badius  and  Central  Angle. 

It  is  evident  from  the  figure  that  if  the  radius  OA  were 
unity,  the  portion  HV  of  the  secant  line  OV  would  be  the 
external  secant  of  the  arc  AS.  But  the  arc  .^ZT  measures  the 
angle  AOH=  iA,  and  OA  =  B; 

.'.  E=  iJexsec  JA  (24) 

Otherwise,  approximately: 

In  Table  VT.,  opposite  the  central  angle,  take  the  value  of 
E  for  a  1"  curve,  and  divide  it  by  the  degree  of  curve  J}, 
If  desirable,  add  the  proper  correction  corresponding  to  2>, 
taken  from  Table  V. 
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Example. — What  is  the  external  distance  J^of  a  7*  80'  curve 
when  the  central  angle  is  60°  ? 

2)  =  7°  30',        i2 (Tab.  IV.)  log  2.883371 

A  =  60°,  i  A  =  30°       log  ex  sec  9 .  189492 


Ans.  ^=118.27  feet 

log             2.072863 

Othertoise: 

By  Tab.  VI. 
Approximate  ans. 
Correction  for  D  = 

7° 

7.5)886.38 

118.184 

80'  (Tab.  V.)            .084 

An8.B=  118.268 

Q4.  But,  instead  of  assuming  D  or  E,  we  may  prefer,  or  may 
find  it  necessary  to  assume,  some  other  element  of  the  curve, 
the  central  angle  being  given. 

If  we  assume  the  tangent  distance,  then : 

95.  To  find  the  Radius  and  Degree  of  Curve  in  terms 
of  the  Tangent-distance  and  Central  Angle. 

From  eq.  (21),  and  by  Table  II.  40,  we  have 

JB=rcotiA  (25) 

Otherwise^  a/pproximately: 

Divide  the  tangent  of  a  1°  curve  found  opposite  the  value  of 
A  in  Table  VI.,  by  the  assumed  tangent  distance;  the 
quotient  will  be  the  degree  of  curve  in  degrees  and  decimals. 

Example. — The  exterior  angle  at  the  vertex  is  54°,  and  the 
tangent  distance  must  be  about  700  feet.  What  shall  be  the 
degree  of  curve? 

A  =  54°,        i  A  =  27°      log  cot  0.292834 
T  =700  2.845098 


logi2=  3.137932 

I  Ans.  By  Table  IV.  2>  =  4°  10'  + 

Otherwises 

By  Table  VI.    700)2919.4 

Ans.  D  =  4°10'15''  4.1706 

But  as  it  is  difficult  to  lay  out  a  curve  when  D  is  fractional, 
we  discard  the  fraction  and  assume  4°  10'  as  the  value  of  D. 
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This  may  require  us  to  recalculate  the  value  of  T»  which  we 
do  by  eq.  (21)  and  find  r=  700.8  feet  log  2.845596.     If  the 
other  elements  are  required,  they  may  be  calculated  by  eqs. 
^2),  (23).  (24),  or  directly  from  2" and  A,  as  follows: 
96*  7\>jind  the  Cxtemal  distance  E,  in  terins  of  the 

Tangent-distance  and  Central  Angle. 
In  Fig.  5  we  have  given 
AOB=  A  and  AV=  Z  to  find 
HV=  K     In    the    diagram  draw 
^  the  chord  AH,  and  through  JJdraw 
a  tangent  line  io  Intersect  OA  pro- 
duced in  /,  and  join  VL 

Then  HI  is  parallel  to  BA,  and 
since ^J=  ^F=  T,  and  AI=  HV 
=  E,  VI  is  parallel  to  HA,  and 
VIH  =  HAB  =  i  A .     (Tab.  I.  18.) 


Fig.  5. 


In  the  right-angled  triangle  VHIwe  have 

HV=  HI  X  tan  VIH 


or 


E=  rtaniA 


(26) 


Example. — The  angle  at  the  vertex  being  54°  and  the  tan- 
gent-distance 700.80  feet,  how  far  will  the  curve  pass  from 
the  vertex  ? 


3r=  700.80  (from  last  example)  2.845596 
A  =  54°,  i  A  =  13°  30'   log  tan  9.380354 


Ans.   E  =  168.25  feet 


log  2.225950 


(For  the  f ormulaB  by  which  to  find  the  long  chord  and  mi J- 
dle-ordinate  in  terms  of  the  tangent-distance  and  central  angle, 
see  Table  III.  12  and  13.) 

97.  Again,  it  may  be  necessary  to  assume  the  eostemaZ  dis- 
tance in  order  to  determine  the  proper  degree  of  curve. 

To  find  the  Radius  and  Degree  of  Curv.e  in  terms  of 
the  External  distance  and  Central  Angle: 
.  By  eq.  (24) 


B  = 


E 

ex  sec^A 


m 
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Othervom: 

In  Table  VI.  divide  the  external  distance  of  a  1*  curve, 
opposite  the  given  value  of  A,  by  the  assumed  external  dis- 
tance; the  quotient  is  the  degree  of  curve  required. 

Example. — The  angle  at  the  vertex  being  24**  30',  the  curve  is 
desired  to  pass  at  about  65  feet  from  the  vertex.  What  is  the 
proper  degree  of  curve  ? 

^  =  65         log  1.812913 

A  =  24^  30',         iA  =  12*^  15'  log  ex  sec  8.367345 

♦log  22=  3.445568 

^7w.  By  Table  IV.  i)  =  2**  03'  + 
Otherwue: 

By  Table  VI.    65)133.50 
Ans.  D  =  2°  03'  14'  2\0538 

We  may  therefore  assume  a  2"  curve,  unless  required  by 
the  circumstances  to  be  more  exact,  when  we  might  use  a 
2°  03'  curve.    Assuming  a  2°  curve,  we  have  by  eq.  (24) 

^=66.75   log  1.824460 

Having  decided  on  the  degree  of  curve,  we  may  calculate 
the  remaining  elements  by  eqs.  (21),  (22),  (23),  which  is  always 
the  better  way,  but  we  may  calculate  them  directly  from  E 
and  A. 

98.  To  find  the  Tangent-distance  in  terms  of  the 
ExtemaX  distance  and  Central  Angle: 

From  eq.  (26),  and  by  Table  II.  40, 

T=EcotiA  (28) 

Example. — The  angle  at  the  vertex  is  24°  30',  and  the  curve 
passes  66.75  feet  from  the  vertex.  How  far  are  the  tangent 
points  from  the  vertex  ? 

-&  -  66 . 7 .■>  (from  last  exampls)        log        1 .  824460 
A  =  24°  30','    i  A  =  6°  07'  30'  log  cot  0 .  969358 

Ans.  T  =  622.04  feet  2 .  793818 

99,  ifemar*.— Eqs.  (27)  and  (28)  are  particularly  useful  in 
'    defining  the  curve  of  a  railroad  track  where  all  original 
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points  are  lost*  Produce  the  centre  lines  of  the  tangents  of 
the  curve  to  an  intersection  F,  and  there  measure  the  angle  A . 
Bisect  its  supplement  A  VB,  and  measure  the  distance  on  the 
bisecting  line  from  Fto  the  centre  line  of  the  track.  This 
will  give  VH^  E,  Then  B  and  T  may  be  calculated,  and  the 
distance  2^  laid  off  from  Kon  the  tangents,  giving  the  tangent 
points  A  and  B. 

(For  the  formulae  by  which  to  find  the  long  chord  and  mid- 
dle-ordinate  in  terms  of  E  and  a,  see  Table  III.  16  and  17.) 

100.  Again,  having  only  the  central  angle  given,  we  may 
assume  the  long  chord,  or  the  middle-ordinate,  and  from  either 
oL  these  and  the  central  angle  calculate  the  remaining  ele- 
ments. Or,  finally,  the  central  angle  being  unknown,  we  may 
suppose  any  two  of  the  linear  elements  given,  and  from  these 
calculate  the  rest.  As  such  problems  have  little  practical 
value,  their  discussion  is  omitted.  The  requisite  formulae  for 
their  solution  are  given  in  Table  III.,  and  the  verification  of 
them  is  suggested  as  a  profitable  exercise  to  the  student. 

B.  Location  of  Curves  by  Deflection  Angles. 

101.  In  order  that  the  stakes  at  the  extremities  of  the 
100-foot  chords,  by  which  the  curve  is  measured,  shall  be  set 

exactly  on  the  arc  of  the  curve 
by  transit  observation,  it  is  neces- 
sary at  the  point  of  curve.  A,  to 
deflect  certain  definite  angles 
from  the  tangent  AV,  Let  us 
suppose  that  in  the  curve  AB, 
\  Fig.  6,  the  points  J.,  a,  b,  c,  d, 
etc.,  indicate  the  proper  posi- 
tions of  the  stakes  100  feet  apart, 
|j^  and  that  OA  is  the  radius  of  the 
curve.  In  the  diagram  join  Oa, 
Ob,  etc.,  and  also  Aa,  ab,  be,  etc. 
Then,  by  definition,  the  angle  AOa  =  D,  and  by  Geom. 
(Tab.  I.  20  and  11)  the  angle  VAa  =  iD.  Therefore  if 
we  set  the  transit  at  A,  and  deflect  from  AV  the  angle 
^D,  we  shall  get  the  direction  of  the  chord  Aa,  on  which  by 
measuring  100  feet  from  A  we  fix  the  stake,  a,  in  its  true 
position  on  the  curve.  So  again,  since  the  angle  aOb,  at 
the  centre,  =  i>,  the  angle  aAb,  at  the  circumference,  =  J/>. 


Fig.  6. 
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If  therefore,  with  Ibe  traasil  at  A,  W6  deflect  the  angld  ^ 
from  the  chord  Aa,  ^wte  shall  get  the  dlreotioti  of  the  ehord 
il6;  and  when  the  stake  b  is  on  this  chord  it  will  also  be  on. 
the  curve,  if  ^  is  100  feet  distant  fk-om  ck  Thu^  in  general, 
we  may  fix  the  position  of  any  stake  on  the  curve>  by  deflect^ 
ing  an  angle  \D  from  the  preceding*  slatke)  and  at  the  same 
time  measuring  a  chain's  length  fhom  it, — the  chain  giving 
the  distance,  while  the  instrument  at  A  gives  the  direction  of 
the  ^int. 

\D  is  called  the  Defiection-cmgle  of  the  curve;  so  that  in 
any  curve,  the  defiectianrangle  is  equal  to  one  half  f A«  4i&gte»  pf 
cwne. 

102.  Since  each  additional  station  on  the  curve  requires 
an  additional  deflection-angle,  the  proper  deflea^tion  to  be  made 
at  the  tangent  point  fivm  the  ttmgent  to  any  stake  on  the 
curve  is  equal  to  the  deflection-angle  of  the  curve  multiplied 
by  the  number  of  stations  in  the  curve  up  to  that  stake;  or  it 
is  equal  to  one  half  the  angle  at  the  centre  subtended  by  the 
included  arc  of  the  curve. 

103*  It  may  happen  that  all  the  stations  of  a  curve  are  not 
visible  from  the  tangent  point,  A.  When  this  is  the  case  a 
new  transit-point  must  be  prepared  at  some  point  on  the 
curve,  by  driving  a  plug  and  centre  in  the  usual  manner,  and 
the  transit  moved  up  to  it.  Let  us  suppose  that  the  point  4, 
Fig.  6,  has  been  selected  for  a  transit-point,  and  that  the 
transit  has  been  set  up  over  it.  Before  the  curve  can  be  run 
any  farther,  it  is  necessary  to  find  the  direction  of  a  tangent  to 
the  curve  at  the  point  d.  For  this  purpose  we  deflect  from 
chord  dA  an  angle  Adz  equal  to  the  angle  VAd  previously 
deflected  to  fix  the  point  d,  (Tab.  1. 16.)  Or  we  may  adopt  the 
following 

Rale :  To  find  the  direction  of  the  tangent  to  a 
curve  at  the  extremity  of  a  given  chord,  deflect  from  the  chord  an 
angle  equal  to  OTie  half  the  angle  at  the  centre  subtended  by  the 
eh&rd.    (Tab.  I.  20.) 

Having  thus  found  the  direction  of  the  auxiliary  tangent 
afe,  we  proceed  to  deflect  from  dx,  (JJ9)  for  the  next  station  e, 
2  (J2))  for  station/,  3(iD)  for  station  g^  etc.,  as  before.  When 
the  end  of  the  curve  is  reached,  a  transit-point  is  set  at  the 
Point  of  Tangent,  after  which  it  only  remains  to  fin3  the 
tUrcction  of  the  tangent,  by  the  above  rule.    Thus  if  ^r  is  to  ba 
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the  point  of  tangent,  we  obtain  the  direction  of  the  tangent  by 
deflecting  from  the  chord  gd  an  angle  equal  to  xdg,  or  to 
\  dOg,  If  this  tangent  VB  was  already  established,  the  line 
gx  thus  obtained  should  coincide  with  it;  and  if  it  does  so, 
the  correctness  of  our  work  is  proved. 

104.  The  centre  line  is  measured,  and  the  stations  num- 
bered regularly  and  continuously  through  tangents  and 
curves  from  the  starting  point  to  the  end  of  the  work.  It 
therefore  frequently  happens  that  a  curve  will  neither  begin 
nor  end  at  an  even  station,  but  at  some  intermediate  point,  or 
plus  distance. 

If  the  Point  of  Curve  occurs  a  certain  number  of  feet 
beyond  a  station,  the  first  chord  on  the  curve  is  composed  of 
the  remaining  number  of  feet  required  to  make  100. 
Any  chord  less  than  100  feet  is  called  a  subchord* 
If  a  curve  ends  with  a  subchord,  the  remainder  of  the  100 
feet  must  be  laid  off  on  the  tangent  from  the  Point  of  Tangent 
to  give  the  position  of  the  next  station,  so  that  the  stations 
may  everywhere  be  100  feet  apart. 

105.  TTie  deflection  to  be  made  for  a  ivhckord  is  equal  to  one 
Tialf  the  arc  U  subtends. 

Let  c  =  length  of  any  subchord  in  feet. 
'*  d  =  angle  at  centre  subtended  by  subchord. 
Then,  from  eq.  (32),  by  analogy 

c  =  322sm4^  (29) 

100 

But  by  eq.  (16)  2B  =  -r^ 

■■•^  =  '^^  (30) 

.-.  sinj6?=-j^siniZ)  (31) 

When  D  does  not  exceed  8°  or  10**,  we  may  assume  without 
serious  error  that  the  angles  are  to  each  other  as  their  sines, 
and  the  last  two  equations  become 

(approx.)  c  =  100  ^  (32) 
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and  id=-j^{iD)  (83) 

In  curves  sharper  than  10**  per  station,  the  error  involved  in 
ihis  assumption  becomes  apparent  and  must  be  corrected. 

lOO.  If  curves  were  measured  on  the  actual  arc,  then 
eqs.  (32)  and  (33)  would  be  true  in  all  cases;  but  since  a  curve 
is  measured  by  100-ft.  chords,  it  is  evident  that  if  a  100-ft. 
chord  between  any  two  stations  were  replaced  by  two  or  more 
subchords,  these  taken  together  would  be  longer  than  100  feet, 
since  they  are  not  in  the  same  straight  line.  Let  us  conceive 
the  actual  arc  of  one  station  to  be  divided  into  100  equal 
parts;  since  the  arc  is  longer  than  the  chord,  each  part  will  be 
slightly  longer  than  one  foot.  Now  if  we  take  an  arc  contain- 
ing any  number  of  these  parts  (less  than  100),  the  nominal 
length  of  the  corresponding  subchord  in  feet  will  egtud  the 
number  of  parts,  and  the  deflection  for  the  subchord  will  be 
proportional  to  the  number  of  parts  which  the  arc  contains. 
The  deflection  therefore  will  be  exactly  given  by  eq.  (33)  if  in 
that  equation  we  let  c  equal  the  nimiber  of  parts  in  the  arc,  or 
the  nominal  length  of  the  subchord  in  feet.  Having  thus 
obtained  the  correct  value  of  (JeQ,  we  may  introduce  it  into 
eq.  (29)  or  (30),' and  obtain  the  true  value  of  the  subchord, 
which  will  always  be  a  little  greater  than  its  nominal  value. 

Suppose,  for  instance,  that  the  are  of  one  station  is  to  be 
divided  intofour  equal  portions;  then  each  subchord  will  be 
nominaUy  25  feet  long;  and  by  eq.  (33) 

which  is  the  correct  value  of  the  deflection,  whatever  be  the 
degree  of  curve.  Substituting  this  value  in  eq.  (29)  or  (30)  we 
obtain,  the  true  vaXue  of  the  subchord,  c,  a  little  greater  than 
25;  the  excess  is  called  the  correcUon  of  the  nominal  length. 

107.  This  correction  for  any  given  subchord  bears  an 
almost  constant  ratio  to  the  excess  of  arc  per  station,  what- 
ever be  the  degree  of  curve.  These  ratios  are  shown  in  the 
following  table  for  a  series  of  subchords,  and  Table  VII.  gives 
the  length  of  actual  arc  per  station  for  various  degrees  of 
curve.  Subtracting  100  we  have  the  excess  of  arc  per  station, 
and  multiplying  this  excess  by  the  ratio  corresponding  to  the 
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nominal  length  of  subchord  we  obtain  as  a  product  the  proper 
correction  for  the  subchord. 

TABLE    OF    THE    BATI08    OF    CORBBCTIONS  OF   8TJBCH0RDS  TO 
THE  EXCESS  OF  ARC  PER  STATION. 


Xominal 

Nominal 

Nominal 

lienRth  of 
Subchord. 

Ratio. 

Length  of 
Subciiord. 

Ratio. 

Len^h  of 
Subchord. 

Ratio. 

«    • 

0 

.000 

35 

.807 

70 

.356 

5 

.060 

40 

.886 

75 

.387 

10 

.099 

45 

.358 

80 

.287 

15 

.147 

50 

.374 

85 

.235 

90 

.198 

65 

.888 

90 

.169 

SS 

.234 

60 

.883 

95 

.092 

80 

.278 

66 

.374 

100 

.000 

We  observe  that  the  largest  correction  is  required  by  a  sub- 
chord  between  55  and  60  feet  in  length. 

Example. — It  is  proposed  to  run  a  14°  curve  with  a  50-ft. 
chain.    What  correction  must  be  added  to  the  chain? 

D  =  W        \iD^r        ^z=z^xT  =  3°.6  =  3°  30' 

lUU 

By  eq.  (30) 

,  =  100  55.53  =  50.093 


sin  7*= 


Ans,  Correction  =  .093 
Or,  by  Table  Vn., 


and  by  above  table, 


length  of  arc  =  100.249 

excess  of  arc  =        .  249 

ratio  for  50  feet  =       .374 


Ans.  Correction  =  product 


=        .093 


-  Example.— The  P.  G.  of  an  18°  curve  is  fixed  at  +  55  feet 
beyond  a  station.  What  are  the  nominal  and  true  values  of 
the  first  subchord,  and  what  the  proper  deflection? 

Nominal  value  =  100  --  55  =  45  feet 

45 
Deflection  =  fZ  =  :i^  x  9°  =  4°.05  =  4."  03' 

100 

and  by  eq.  (80) 

True  value  =  c  =  100  ^^°  ^°  ?-  =  45.148 

sin  9 
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Or,  by  Table  VII.,  excess  of  arc  =      .412 

by  above  table,  ratio  for  45  feet  =      .358 

Correction  =  product  =      .147 
Ans.  True  value  of  subchord  =  45.147 

Meample. — The  last  deflection  at  the  end  of  a  40°  curve  is 
found  to  be  6°  30'.  What  are  the  nominal  and  true  values  of 
the  last  subchord? 

Here  i<?  =  6°  30',  and  by  eq.  (32) 


By  eq.  (30) 


6  5 
Nominal  value,  c  =  100  -^  =  32.5  feet 


True  value,  c  =  100  ^^?  ^l^^  =  83.098  feet 

sm  20 

Or  by  Table  VII.,  excess  of  arc  40°  =   2.060 

by  above  table,  ratio  for  32.5  feet  =      ,290 

Correction  =  product  =      .597 
Nominal  value  of  subchord  =  32.5 


True  value  =  33.097 

108.  For  convenience  in  making  deflections,  the  zeros  of 
the  instrument  should  always  be  together  when  the  line  of 
collimation  coincides  with  a  tangent  to  the  curve.  Thus,  in 
beginning  a  curve,  the  transit  being  set  at  the  P.  C.  zeros 
together,  and  line  of  collimation  on  the  tangent,  the  read- 
ing of  the  limb  for  any  station  on  the  curve  has  simply  to  be 
made  equal  to  the  proper  deflection  from  the  tangent  for  that 
station.  After  the  transit  is  moved  forward  from  the  P.  G, 
and  set  at  another  point  of  the  curve,  the  vernier  is  set  to  a 
reading  equal  to  the  reading  used  to  establish  that  point,  but 
on  the  opposite  side  of  the  zero  of  the  limb,  and  the  line  of 
collimation  is  set  on  the  P.  C.  just  left.  Then  by  simply  turn- 
ing the  zeros  together  again,  the  line  of  collimation  will  be 
made  to  coincide  with  a  tangent  to  the  curve  through  the  new 
point,  and  the  deflections  for  the  succeeding  stations  can  be 
read  off  directly,  as  before.  Thus  any  number  of  transit 
points  may  be  used  in  locating  a  curve  by  finding  the  direc- 
tion of  the  tangent  through  each  by  a  deflection  from  the  pre- 
ceding point,  until  finally  the  P.  T,  is  reached,  where  another 
deflection  givea  the  direction  of  the  located  tangent, 
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109«  The  assistant  engineer  keeps  neat  and  systematic 
field-notes  of  all  his  operations  with  the  transit  in  running 
curves.  The  numbers  of  the  stations  are  written  in  regular 
order  up  the  first  column  of  the  left-hand  page  of  the  field- 
book,  using  every  line,  or  every  other  line,  as  may  be  pre- 
ferred. The  second  column  contains  the  initials  of  each 
transit  point  on  the  same  line  as  the  number  of  its  station,  or 
between  lines,  if  the  point  occurs  between  two  stations.  In 
the  third  column,  and  opposite  the  initials  in  the  second,  is 
recorded  the  station  and  plus  distance,  if  any,  of  each  transit 
point.  The  fourth  column  contains,  opposite  the  **P.G."  the 
degree  of  curve  used,  and  an  B  or  X,  showing  whether  the 
curve  deflects  to  the  right  or  left;  the  fifth  column  contains 
the  readings  or  deflections  made  from  a  tangent  to  set  each 
station  or  point,  written  on  the  same  line  as  the  number  of 
that  station  or  point;  and  the  sixth  column  contains  the  cen- 
tral angle  of  the  whole  curve,  a,  written  opposite  the  "  P.  T." 

The  plus  distances  recorded  in 
the  third  column  are  always  the 
nominal  lengths  of  subchords,  but 
if  the  true  lengths  have  been  calcu- 
lated and  laid  off  on  the  ground, 
these  should  also  be  recorded  in 
parenthesis.  On  the  right-hand 
page  are  recorded  the  calculated 
bearings  of  the  tangents  and  their 
magnetic  bearings;  and  on  the 
centre  line  of  the  page,  opposite 
the  record  of  each  transit  point,  a 
dot  is  made  wtth  a  small  circle 
around  it,  to  show  the  relative  position  of  the  several  points 
on  the  ground.  Some  slight  topographical  sketches  may  be 
made,  indicating  the  more  prominent  objects,  but  the  full 
sketches  should  be  taken  by  the  topographer  in  a  separate  book. 
no.  Since  the  deflections  start  from  zero  at  each  new 
transit  point,  the  sum  of  the  deflections  by  which  the  transit 
points  are  located  wiU  he  equal  to  one  half  the  central 

angrl^  ^d'  ^^  cuTve. 

111.  The  stations  on  a  curve  may  be  located  by  deflec- 
tions only,  without  linear  measurements.  For  this  purpose 
two  transits  w^  aet  ftt  %yfo  trwsit  points  ou  tb?  curv^,  as  A 


Fio.  7. 
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and  B,  Fig.  7,  and  the  proper  deflections  for  any  station  are 
made  with  both  instruments,  the  station  being  located  by  find' 
ing  the  intersection  of  the  two  lines  of  coUimation. 

This  method  requires  that  the  two  transit  points  shall  have 
been  previously  established,  that  their  distance  from  each 
other  shall  be  known,  that  they  shall  be  visible  from  each 
other,  and  that  they  shall  both  command  a  view  of  the  stations 
to  be  located.  It  is  not  therefore  generally  useful,  but  may 
be  resorted  to  to  set  stations  which  fall  where  chaining  cannot 
be  accurately  done,  as  in  water  or  swamps.  The  chord  join- 
ing the  two  transit  points  becomes,  in  fact,  a  base-line,  and  the 
deflections  form  a  series  of  triangulations. 

C,  Location  of  Chirves  by  Offsets. 

112.  A  curve  may  be  located  by  linear  measurement  only, 
without  angular  deflections.  There  are  four  general  methods, 
viz. : 

By  offsets  from  the  chords  produced. 
By  raiddle-ordinaUSy 
By  offsets  from  the  tangents^  and 
By  ordinates  from  a  long  chord. 

To  locate  a  curve  by  olf!»ets   from  the  chords 

produced. 

Wh^en  the  curve  begins  and  ends  at  a  station. 

1 13.  Let  A,  Fig.  8,  be  the  P.  G.  of  a  curve  taken  at  a  station, 
to  locate  the  other  stations,  a,  5,  c, 
etc.  The  chords  Aa,  ab,  be,  etc., 
each  equal  100  feet,  and  since  the 
angle  AOa  =  D,  the  angle  VAa  = 
JD.  (Tab.  I.  20.)  Taking  an  off- 
set ttx  —  ty  perpendicular  to  the 
tangent,  we  have  in  the  right- 
angled  triangle  Axa. 

axz=zAa  X  sin  J2) 
or 

t    =  100  sin  \D       (34) 

The  offset  t  is  called  the  tangent 
offset,  and  its  value  is  giveufor  all 
degrees  of  curve  in  Tab.  IV.  col.  4.  Fio.  8L 

If    the   curve   were    produced 
backward  from  A,  100  feet  to  station  e,  the  offset  sy  would 
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eq(Qal  t;  aad  if  %he  ehorcJ  »A  were  produced  100  feet  from  A 
to  a',  the  offset  a'«?  would  also  equal  i,  Tliereforo  tho  distance 
aa'  =  2t,  aad  %h»  atogle  ^J.»'  =  Z^.  So  if  we  produce  the  chord 
Aa  lOOftjet  to  &',  tbe  distance  6^'  =;=  U 

To  U^  9ui  the  curve,  stretch  the  chain  from.  A,  keeping  the 
forward  end  at  a  peirpoodiculwr  distance^  K  t^om  the  line  of  the 
kaogent  to  locate  9taitio»i «,  Theo  find  the  point  b'  hy  streteh- 
voig  tho  chala  from  ^  m  line  with  «  and  A,  aud  then  stretching 
the  chain  again  from  a>  te  its  forward  end  at  a  distance  from 
¥  equal  to  ^.  This  glve^.  slation  h  In  the  same  w^  find 
other  stationsL 

When  the  last  station,  as  d,  of  tlxe  curve  is  reached,  produce 
the  curve  one  station  farther  to  e\  Then  the  tangent  through 
(?.  is  parallel  to  the  chord  ce\  and  laying  off  t  from  c  and  ^''  per- 
pendicular to  this  chord,  the  tangent  c'e  is  found.  If  the  work 
has  been  correctly  done  the  tangent  c'e  will  coincide  with  the 
given  tangent  VB, 

When  tlie  curve  "begins  or  ends  with  a  subchord, 

114.  Let  Ay  Fig.  9,  be  the  P.O.  and  Aa  the  first  sub- 
chord  =  c,  and  the  angle  VAa  =  yt^  and  let  the  offset  ax  =  ix. 
Then 

Producing  the  curve  backward  to  the  nearest  station  g,  wo 
have  another  subchord  Az  =  (100  —  o),  and  the  angle  ^A»  =  ^ 
(i>  —  d),  and  putting  the  offset  yzz=:t^ 


*.  =  (100  —  c)  sin  \{D—d) 


(36) 


Laying  olT  the  two  subchords  on  the  ground,  and  making 

the  proper  offsets,  t,  and  *„  at  the 
8amo  iirao,  we  fix  the  posUion  of 
the  two  stationa  a  and  e  on  the 
curve  J  after  which  we  may  pro- 
duce the  chord  a»  100  feet  to  ft', 
and  proceed  as  before  until  the 
curve  is  finished. 

If  the  curve  ends  with  a  sub- 
chord,  as  dB,  produce  the  curve 
to  the  first  station  beyond  B,  as 
6*,  then  calculate  the  two  oftseta 
for  the  two  subchords  Bd  and  Be\ 
Ynsu  ft  cuad  lay  them  off  from  d  and  e* 
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perpendicular  to  the  supposed  direction  of  the  tangent.  If 
the  line  d"e'  so  obtained  coincides  with  the  given  tangent,  YB, 
the  work  is  correct. 

11&«  We  may  find  the  values  of  i,  and  t^  otherwise  than 
by  the  formulae  above,  for  in  Fig.  8  we  have  shown  that  the 
angle  aAa*  =  aOA,  and  since  these  triangles  are  isosceles, 
they  are  similar;  therefore 

Fig.  a,  QA\Aa  wAa  :  aoJ 

or  i2: 100::100:3* 


'=^ 


and  similarly,  Fig.  9, 


c« 


Hence 


t.  =  -^  (38) 

t,:t::c^:  (lOO)* 

*'  ~   (100)2  ^^^ 

Thus  t^  may  be  found  by  multiplying  the  square  of  the  sub- 
chord  by  the  value  of  t  given  in  Tab.  IV.,  and  dividing  the 
product  by  10000.  As  c  is  always  less  than  100,  so  t,  is  always 
less  thaa  t. 

11&  In  eqs.  (8%  (aSX'ftnd  (did)  it  is  customary  to  use  the 
nominal  values  of  e,  and  this  can  produce  no  error  in  ^  or  <, 
exceeding  005,  when  the  degree  of  curve  does  not  exceed  ten 
degrees.  In  the  case  of  a  very  sharp  curve,  the  formulae  eqs. 
(40)  and  (41)  are  preferable. 

To  locate  a  curve  by  middle-ordinates* 

"When  ihe  curve  begins  arid  erids  at  a  station. 

117.  In  Fig.  10,  let  A  be  the  Pi  C.  at  a  station,  and  let  a  and 
I  be  the  next  stations  on  the  curve  either  way  from  A.  Then, 
since  2^  ==  a^  =  ^,  the  chord  za  is  parallel  to  the  tangent  A  V, 
and  Ag  =  t  Hence,  having  any  two  consecutive  stations  on 
the  curve,  as  2  and  A,  we  may  lay  off  the  tangent  offset  t 
from  A  to  gon  the  radios,  and  find  the  next  station,  a,  100  feet 
from  A  on  the  line  zg  produced.  Then  laying  off  «A  =  <  on 
the  radioB  aQ,  h  poimt  on  tlie  line  AJi  produced  and  100  feet 
Uom  a  wiU;  be  the  aext  stalion  & 
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On  reaching  the  end  of  the  curve,  the  tangent  is  found 
precisely  as  described  in  the  method  by  chords  produced,  §  113. 

In  Fig.  10,  we  observe  that  if  the  radius  OA  were  unity,  gA 
would  be  the  versed  sine  of  the  angle  aOA  =  D.    But  gA  =  t. 


t  =  R  vers  D 


(40) 


W7ien  the  curve  begins  or  ends  with  a  subchord, 

118.  Let  A,  Fig.  11,  be  the  P.  (7.,  and  a  and  z  the  nearest 


Fia.  10. 
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Stations.  Then  Aa  =  c,  the  first  subchord,  and  aOA 
by  analogy,  we  have  from  the  last  equation,  if  oo? 
zy^t^ 


t,  =  B  vers  d 
t„  =  B  vers  (D 


-d)\ 


d,  and 
t^  and 

(41) 


or  eq.  (39)  may  be  used  if  preferred. 

Having  found  the  two  stations,  a  and  z,  on  the  curve,  lay 
off  from  the  forward  station  a,  ah  =z  t  on  the  radius,  and  so 
continue  the  curve  as  described  above. 

When  the  end  of  the  curve  is  reached,  produce  the  curve  to 
the  next  station  beyond,  and  find  the  tangent  by  ofEsets  as 
described  in  the  previous  method,  §  114. 

To  locate  a  curve  by  offsets  from  the  tangrents. 

WTien  the  curve  begins  at  a  station. 

1 19.  Let  A,  Fig.  12,  be  the  P.  G,  at  a  station.  Then  the 
next  station  a  is  located  by  the  tangent  offset  t,  taken  from 
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Tab.  rv.,  or  calculated  by  eq.  (40).    To  calculate  the  distances 

and  offsets  for  the  following  stations,  6,  c,  etc.,  in  the  diagram 

draw  lines  through  the  points  h,  o,  etc.,  parallel  to  the  tangent 

AVy  intersecting  the  radius  ^0  in  5^',  g\  etc.,  and  draw  the 

lines  bx',  cx\  etc.,  perpendicular  to  the  tangent. 

Then 

JLxfz=g'b  =  Ob  sin  bOA 
or 

Ax' =zB  8m2m 

Ax"  =  B  sin  32)  I  (43) 

and  etc.  etc. 

Also, 

bsf  =zg'A  =  Ob  vers.  bOA 
or 

t  =J?vers2i>] 

r  =  J?  vers  3i>  I  (43) 

and  etc.         etc.      J 

But  these  calculations  may  be  avoided,  for  as  twice  ag  equals 
the  chord  of  two  stations,  so  twice  bg'  equals  the  chord  of  four 
stations,  and  twice  eg"  the  chord 
of  six  stations,  etc.  So  also  as  Ag 
is  the  middle-ordinate  of  two  sta- 
tion, Ag'  is  the  middle-ordinate  of 
four,  and  Ag"  the  middle-ordinate 
of  six  stations,  etc.  Hence  the 
rule: 

The  distance  on  the  tangent  from  * 
the  tangent  point  to  the  perpendicu- 
la/r  offset  for  the  extremity  of  any 
a/rc  is  equal  to  one  half  the  long 
chord  for  twice  that  arc*  and  the 
offset  from  th>e  tangent  to  the  ex- 
tremity of  any  arc  is  equal  to  the 
middle-ordinate  of  ttoiee  that  arc. 

The  long  chords  and  middle-ordinates  may  be  taken  from 
Tables  VII.  and  VIII.  for  3,  4,  6,  8,  etc.,  stations,  when  the 
P.C.  is  at  a  station,  or  for  1,  3,  5,  7,  etc.,  stations,  when  the 
P.O.  is  at  +  50,  or  half  a  station. 

If  the  offsets  from  the  first  tangent  J.  F  prove  inconveniently 
long,  the  second  half  of  the  curve  may  be  located  from  the 
other  tangent  BV,  beginning  at  the  point  of  tangent  .&,  and 
closing  on  a  station  located  from  the  first  tangent. 
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When  the  «wrw  begim  with  a  ^ubehord. 
ISO.  It  d  =  the  angle  at  centre,  subtended  by  tbe  first 
gubchurd,  we  hare  for  the  distances  on  the  taogent  (Fig.  18) 


Ax'  =  B  sin  (d  +  J}) 
Ax'  =  S  sin  {d  +.2£f) 


and  for  the  ofiscts  (Fig.  11) 


■s  (d  +  D) 
■8  (d  +  2D) 


If  the  first  subchord  equals  50  feet  (nominal),  then  d  =ii>, 
and   the  Tahlea  VIL   and  VIII.  may  be  used  as  explained 
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above.  These  tables  may  be  used  In  any  case,  by  adopting  a 
temporary  taagent  through  any  station,  and  laying  off  the  dia- 
lauccs  OD  this,  and  making  the  offsets  from  iL 

When  a  curve  is  located  by  offsets  the  chain  should  bo  car- 
ried around  the  curve,  if  possible,  to  prove  that  tlie  stations 
are  100  feet  apart. 

To  locate  a  curve  liy  ordiuates  from  a  long 
cliord. 

When  the  mtne  begim  and  end*  at  a  UaHon. 

191.  In  Fig.  14  draw  the  long  chord  AB,  joining  the  tan. 
gentpolnts,  andfrom  this  draw  ordlnatea  to  alt  th«BtatlonB<»i 
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the  curve.    We  then  require  to  know  the  several  distances  on 
the  long  chord  Aa! ,  a'b',  b'c',  etc.,  and  the  length  of  ordinate 
at  each  point. 
Let  O  =  the  long  chord  AB,  then  eq.  (22) 

(7=2i?sinjA 

If  a  is  the  second  station  and  /  next  to  the  last  on  the  curve, 
join  ai,  and  let  the  chord  ai  ■=.  C.  Then  since  the  arc  Aa  = 
ik  =  D,  the  angle  at  the  centre  subtended  by  C7'  is  (a  —  2i>). 

.-.  C7'  =  2J?sinJ(A-2D) 

Again,  if  we  join  h  and  h  the  next  stations  and  let  bh  =  C 

and  so  on  for  other  chords. 
Since  Aa'  =  ki,  G=C  +  2Aa' 

.  .Aa  ^      2 

Similarly, 

a   b  = r 


Thus  we  continue  to  find  the  distances  up  to  the  middle  of 
the  curve,  after  which  they  repeat  themselves  in  inverse 
order. 

122.  When  the  long  chord  C7,  subtends  an  even  number  of 
stations  (as  10  in  Fig.  14),  the  middle  ordinate  of  the  chord  is 
the  ordinate  of  the  middle  station,  as  e.  Since  the  chords  AB 
and  ai  are  parallel,  the  ordinate  a' a  or  ^'^  is  evidently  equal  to 
the  difference  of  the  middle  ordinates  of  these  chords. 

Let  Jf,  Jf ',  M",  etc.,  be  the  middle-ordinates  of  the  chords 
C,  6",  V,  etc.    Then  eq.  (23) 

M  =B  vers  J  A 
Jf' =  JKversi(A -22)) 
'i  Jlf'=i2versi(A -42>) 

eic. ,  eic. 

And  a'a=i'i  =:M-M 

b'b  ^h'h^M-W 
etc.      etc.        etc. 

The  values  of  the  chords  and  middle-ordinates  maybe  taken 
«t  oDce  from  Tables  YII.  and  YIII. 

I 
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Example. — ^It  is  required  to  locate  a  4  degree  curve  of  tern 
stations  by  offsets  from  the  long  chord. 
By  Table  VII. : 

Diff. 


10  sta. 

G    =980.014 

8  " 

G^  =  789.803 

6  " 

C7»  =  595.744 

4  " 

C7»"=  398.782 

2  " 

(71^  =  199.878 

0  " 

C'   =000.000 

190.211 
194.059 
196.962 

198.904 
199.878 


J^Diff. 

95.105  =  Aa'  =  Id: 
97.030  =  a'b'  =  t^h 
98.481  =6^  =Ay 
99.452  =  c'cF  =  g'f 
99.939  =  d'e'  =  fS 


From  Table  VIII. : 


10  sta. 
8  " 
6  " 
4  " 
2  " 
0    '* 


Diff. 


3f 

=  86.402 

M^ 

=  55.500 

30.902 

itf» 

=  31.308 

55.094 

Jfiii 

=  18.943 

72.459 

M^'' 

=  3.490 

82.912 

M^ 

=  0.000 

86.402 

a' a 
b'b 
c'c 
ad 

e'e 


h'h 

// 


123.  When  the  long  chord  G  subtends  an  odd  number  of 
stations,  the  middle  ordinate  will  fall  half-way  between  two 
stations,  and  need  not  be  laid  off. 

If  the  ordinates  near  the  middle  of  the  curve  prove  moon- 
veniently  long,  we  may  subtract  M—  M\  M'—M',  etc.,  and  so 
obtain  in  Fig.  14  a'a,  b'b,  c'c,  etc.    We  then  lay  off  Aa\  a'a,  j 
ad",  b'b,  be",  etc.,  turning  a  right  angle  at  every  point.     The] 
chain  should  be  carried  along  the  curve  at  the  same  time  to 
make  the  stations  100  feet  apart. 

Example. — It  is  required  to  locate  a  10-degree  curve  of  nind 
stations  by  offsets  from  the  long  chord. 

By  Table  VII. . 


Diff. 


HDitl. 


9  sta. 

811.314 

7  " 

658.105 

153.209 

1 

76.604  =  ^a' 

5  " 

484.900 

173.205 

86.608  =  a'b' 

8  " 

296.962 

187.938 

93.969  etc. 

1  ** 

100.000 

196.962 

98.481 

0  " 

0.000 

100.000 

50.000 
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By  Table  Vill.: 

9  sta. 

168.029 

7 

103.750 

5 

53.750 

8 

19.548 

-     1 

2.183 

0 

0.000 

Diff. 
64.279 
50.000 
34.202 
17.365 
2.183 


etc. 


I 


124.  The  tables  can  be  used  equally  well  when  the  curve 
both  begins  and  ends  with  a  half  station ;  also  to  locate 
half-station  points  throughout  the  curve,  but  in  the  latter  case 
the  numbers  are  taken  from  consecuHve  columns  of  the  tables 
instead  of  from  alternate  cot 
umns,  as  in  the  above  examples. 

When  the  curve  begins  or  ends 
with  any  mbchord, 

126.  Let  A,  Fig.  15,  be  the 
P.  G,  and  Aa=c  the  first  sub- 
chord,  and  d  the  angle  it  sub- 
tends at  the  centre.  In  the  dia- 
gram draw  the  long  chord  AB^ 
and  the  ordinates  to  each  sta- 
tion, and  through  each  station 
draw  a  line  parallel  to  AB,  and 
let  AOB=  A. 

Since  the  angle  VAB  =  ^  A  and 
VAa  =  id,  the  angle  aAB=i  (a  —  d).    The  deflection  angle 
from  the  subchord  Aa  produced  to  the  chord  ab  is  i  {d -\- D), 
the  deflection  angle  between  any  two  consecutive  chords  of 
100  feet  is  i  (i>  +  D)  =  2>.    Therefore  the  angle 

bob'  =  i  (A  -  d)  -  i{d+  D)  =  i(A  -M-D) 
(sfttf*  =  i  (A  -2d-D)  -  i  (21))  =  i( A  -  2(?  -  3i>) 
edd'  =  i  (A  -  2d-^BD)  -  i  (2JD)  =:^{A  -2cf-5i>) 
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etc. 


etc. 


etc. 


08 
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Solving  the  several  right-angled  triangles  vre  have,  Fig,  15. 


And  i^$o 


-4a'  =  e.    cos  ^(a  —  d) 
ab"  —imco8^(A  --2d—   D) 
be"  =  100  cos  i  ( A  —  2eZ  —  3i>) 
<i<2''=  100  cos  i  (A  -  2(i-  5i>} 
e  vC*  y  e  vC/s  y 

«"»  =  c.     sin  i  ( A  —  (Q 
6'*^>  =  100sini(A -2(?-    V) 
c'"c  =  100  sini  (A  -  2d  --  Sl>) 
d"c  =  100  sin  i  ( A  -  2<?  -  51)) 
etc,  eta. 


(46) 


(47) 


When  the  middle  point  of  the  cui-ve  is  passed  the  minus 
quantities  in  the  parentheses  become  greater  than  a,  making 
the  parentheses  negative,  and,  therefore,  tlie  sines  negative, 
and  indicating  that  such  vahtes  as  are  determined  hy  ibem 
must  be  laid  off  toward  the  long  chord  AB, 

By  a  proper  summation  of  the  quanUties  determined  by  eqs. 
(46)  and  (47)  we  obtain  the  distances  Aa\  Ah',  Aci,  etc,,  and 
the  ordinates  a' a,  b'b,  e'c,  etc*,,  and  tbo  curve  may  be  located 
accordingly.  It  is  well  to  make  aU  the  necessary  calculations 
before  beginning  to  lay  down  the  lines  on  thet  ground,,  thus 
avoiding  confusion  and  mistakes. 

Mcaviple.— The  RC.  of  a  Z"  20'  curve  is  i^xed^  at  +  25  feet 
beyood  a  station,  and  the  central  angle  is  16f°  24'  =  A.  It  is 
i-equired  ta  locate  the  curv«  by  ordinate^  from  the  long  chord. 

We  have  c  =  100-25  =  75andd  =  3'' ao^  and  i)=a"  2ff. 
Hence,  eqs.  (4^ 


Aa'  =    75  cos 

6°  57' 

-74.44& 

74.449  =  Aaf 

ab'  —  too  cos 

4"  02' 

=  9&.75» 

1T4.301  =  Ab' 

5c"  =  100  cos 

^42f 

=  90.98$ 

:    274.1:94  =  ^c' 

d''d=  100  cos  (• 

-  2'  88') 

^2^    y™.  cWrlB 

374.088  =  AeC 

e"6  =  106^  cos  (• 

-  S'SS*) 

-  99.45^ 

473.546  =  As' 

e'B  -    17  cos  (• 

-  7"  55') 

=  16.838 

490.384  =  7(7? 

By  eqs.  (47) 

a'€kt^   75ain 

er  57'  =^ 

9.075 

9.075  =  a'a 

b''b  - 100  sin 

r  02'  = 

7.034 

16.100  =  b'b 

c'c  — 100  sin 

0°  42'  = 

1.222 

17.331  =  c'c 

c<J*=10Osm(-- 

2'^38'>- 

-   4.584 

12.'23f7  =  «rd 

de'  =  100  sin  (- 

5"  58')  = 

-10.395 

2.342  =  e'e 

ee'  =   17sin(- 

7"  55')  = 

-  2.341 

1      0.000    .  .    . 

The  sftDft^  fwmuJee  o«w  be  \ised  when  tbe  cwrvti  \m^v^  at  a 
•UUou  by  Wftldog  e  5=  ICK)  aad  ^  =??  ^. 

126.  The  methods  of  locating  curves  by  linear  mQitsuTe- 
ments  do  not  require  the  use  of  a  transit,  although  one  may 
be  used  to  advantage  for  giving  true  lines,  turning  right 
angles,  etc.  When  a  transit  is  not  used  tlie  alignments  should 
be  made  across  phimb-lines  suspended  over  tlie  exact  points 
previoiisly  marked. on  top  of  the  stakes.  A  ri^ht  ang^le 
may  easily  be  obtained^  without  an  instrument,  by  laying  off 
on  the  ground  the  three  sides  of  either  of  the  right-angled 
triangles  represented  in  the  following  table  (or  any  multiples 
of  them),  always  making  the  hose  coincide  with  the  given  line. 

Table  of  Right-Anglbd  Triangles. 


QjpotJbeiiiiisiB. 

Perpendicular. 

5 

3 

la 

5 

29 

21 

25 

7 

41 

a 

ei 

11 

85 

13 

4 
12 
20 
24 
40 
60 
U 

B.  Obstacles  to  the  Location  of  Curves, 
127«  To  locate  a  curve  joining  iioo  tangents  wlien  the  in- 
tersection V  is  inaccessible.    Fig.  16. 
From  any  transit  point  p  on  aae  tangent  run  a  line  pq  to 

intersect  the  other  tangent ;  measure 

pq  and  the  angles  it  makes  with  the 

tangents.     Then  the  sum  of  the  de- 

fiectionat  ftt  p  ayod  q  equals,  the  central 

ai^le  A-     Solve  the  triangle  pqV 

and  find  Vp.      Having  decided  on 

the  radius.  H  of  the  curve»  calculatiC 

the  tangent  distance  F4  by  eq.  (^1)„ 

and    lay  off  from  p.   the    distance 

pA  zzzYA—Vp  to  locate  the  point  ^^«-  ^*- 

of  curve.      The  point  p  being  as- 
sumed at  random,  Vp  may  exceed  YA,  in  which  case  the  differ- 

eikce  pA  \&  to  be  laid  oSS,  toward  F. 
In  case  obstacles  prevent  the  direct  alignmeBt  of  any  U»e 

M  a  liao  oi  several  QQurses  may  be  substituted  iw  it  (as 
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explained  in  §§  46,  47,  48,)  from  which  the  length  of  pq  will 
be  deduced.  The  algebraic  sum  of  the  several  deflections  will 
equal  A. 

128*  To  locate  a  curve  when  the  point  of  curve  is 
inaccessible.    Fig.  17. 

Assume  any  distance  Ap  on  the  curve  which  will  reach  to 
an  accessible  point  p.    Then  by  eq.  (19)  the  aogle 


pOA  = 


DX  Ap 


100 

Ap'  =  B  sin  pOA 
p'p  =  B  veTBpOA 
Vp'=  VA-  Ap' 

Measure  Vp'  and  p'p  to  locate  a  transit  point  at  p;  and  meas- 
ure an  equal  offset  from  some  transit  point  on  the  tangent,  as 

qq'.  This  gives  a  line  pq\  parallel 
to  the  tangent,,  from  which  deflect  at 
p  an  angle  equal  to  pOA  for  the 
direction  of  a  tangent  through  the 
point  p. 

Instead  of  measuring  the  second 
offset  qq'  we  may  deflect  from  pq  an 

angle  found  by  tan  qpq'  =  -^  and  so 

obtain  the  line  pq'  parallel  to  the 
Fio.  17.  tangent.    Or  we  may  deflect  from  p  V 

pp' 
the  angle  found  by  tan  p  Vp'  =-^»  to  obtain  the  luie  q'p  pro- 
duced, from  which  the  tangent  to  the  curve  at  p  is  found  as 
above. 

Again,  we  may  lay  off  from  V,  the  external  distance  Vh 
found  by  eq.  (24)  or  Tab.  VI  on  a  line  bisecting  the  angle 
A  VB.  This  gives  us  h,  the  middle  point  of  the  curve,  and  a 
line  at  right  angles  to  ^  F  is  tangent  to  the  curve  at  h,  from 
which  the  curve  may  be  located  in  either  direction. 

129.  To  locate  a  curve  when  both  the  Vertex  and  Point 
of  curve  are  inaccessible.    Fig.  18. 
From  any  point  p  on  the  tangent  run  a  line  p^  to  the  otbei 
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tangent,  and  so  determine  pA  as  in  §  127.    Suppose  the  curve 

prodHced  backward  to  p'  on  the  perpendicular  offset  pp'. 

Then 

pA 
sin  p'  OA  =  ^-j^  and  pp'  =  R  vers  p'  OA 

Having  located  the  point  p\  a  parallel  chord  p'q  may  be 
laid  off,  giving  a  point  q  on  the  curve,  since  p'q  =  2  X  pA. 
At  q  deflect  from  qp'  an  angle  equal  to  p'OA  for  a  tangent  to 
the  curve  at  q. 
If  any  obBtacle  prevents  using  the  chord  p'q,  any  other 


Fio.  18. 


Fia.  19. 


chord  as  p's  may  be  used,  by  deflecting  from  p'q  the  angle 
qp's  =  i  i^Os)  &i^d  laying  off  its  length, 

P'b  =  2R  sin  {p'OA  +  qp's). 

At  «  a  deflection  from  the  chord  «p'  of  (p'OA  +  22?'*)  will  give 
the  tangent  at  8. 

If  obstacles  prevent  the  use  of  any  chord,  the  methods  de- 
scribed in  §  181  may  be  resorted  to. 

130.  To  pass  from  a  curve  to  the  forward  tangent  wJien  the 
Point  of  Tangent  is  inaccessible.    Fig.  19. 

From  any  transit  point  p  on  the  curve,  near  the  end  of  the 
curve,  run  a  chord  parallel  to  the  tangent.  The  middle  point 
ff  of  the  chord  will  be  on  the  radius  through  the  point  of  tan- 
gent B.  At  any  convenient  point  beyond  this  an  offset  equal 
to  pp'  =  B  vers  pOB  may  be  made  to  the  tangent,  and  at 
some  other  point  an  equal  offset  will  fi:(  the  direction  of  the 
Uui^nt, 
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Otherwise,  if  an  unobstructed  line  pq  can  be  found  inter- 
secting the  tangent  at  a  reasonable  distance  from  B,  measure 
the  angle  ^pq  =  pgp'y  and  lay  off  the  distance 


pg'  = 


PP 


sm  qpq 
to  fix  the  point  q.    Then 

Bq = p'q  —  p'B  =  pp'  cot  q'pq  —  R  sin  pOB, 

Otherwise;  assume  an  arc  of  any  number  of  stations  from 
p  to  q"  on  the  curve  produced,  and  take  the  length  of  chord 
from  Tab.  VII.  Lay  off  pq\  and  from  q"  lay  off  q'q  =  R 
vers  q'OB,  perpendicular  to  the  tangent,  to  locate  q.  The 
angle  j?g'''g'  =  90"  —  q'pq\  and  the  distance  qB  =  R  sin  q'OB. 

131.  To  pass  an  obstacle  on  a  curve.    Fig.  30. 
From  any  transit  point  A'  on  the  curve  take  the  direction 
of  a  long  chord  which  will  miss  the  obstacle,  as  A'B\    The 

length  of  this  chord  is  2R  sin 
V'A'B\  V'A'  being  tangent  to  the 
curve  at  A'  (see  eq.  22),  and  by 
measuring  this  distance,  the  point 
B'  on  the  curve  is  obtained.  If 
the  angle  V'A  'B'  is  made  equal  to 
the  deflection  for  an  exact  number 
of  stations,  the  chord  may  be  taken 
from  Tab.  VII. 

If  the  chord  which  will  clear  the 
obstacles  would  be  too  long  for  con- 
venience, as  Aq\  we  may  measure 
a  part  of  it  as  A'p\  and  then,  by  an 
ordinate  to  sonae  station,  regain  the  curve  at  p.  The  distance 
on  the  curve  from  A'  to  p  being  assumed,  the  distances  A'p' 
and  p'p  are  calculated  by  the  methods  given  in  §  121  to  §  125. 
If  p'p  can  be  made  a  middle  ordinate  the  work  will  be  much 
simplified.  If  more  convenient  the  middle  ordinate  may  first 
be  laid  off  from  A '  to  p\  and  the  half  chord  afterwards 
measured  from  p"  to  locate  p. 

Again,  we  may  calculate  the  auxiliary  tangent  A '  V  for 
any  assumed  length  of  curve  A'B\  and  lay  off  the  distance 
A*T'  and  V'B\  deflecting  at  V  an  angle  equal  to  twic^ 


Fig.  ao. 
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TA'B',  But  if  the  point  V  should  prove  inaccessible,  we 
may  conceive  the  auxiliary  tangents  to  be  revolved  about  the 
chord  A  B'  as  an  axis,  so  that  V  will  fall  at  F",  and  the 
lines  -4'  V  and  Y"B'  may  be  laid  out  accordingly.  If  these 
in  turn  meet  obstructions,  we  may  run  a  curve  from  -4'  to  ^' 
of  same  radius  as  the  given  curve,  but  tangent  to  A'V  and 
V'B'. 

Again,  the  entire  curve  or  any  portion  of  it  may  be  laid  out 
by  offsets  from  the  tangents,  or  by  ordinates  from  a  long 
chord,  as  already  explained,  §  119  to  §  126. 

In  case  any  distance  on  a  curve  must  be  measured  by  a  tri- 
angulation,  as  in  crossing  a  stream,  a  long  chord  may  be 
chosen,  either  end  of  which  is  accessible,  and  the  triangula- 
tion  is  then  performed  with  respect  to  this  chord  or  a  part  of 
it,  as  upon  any  other  straight  line. 

SPECIAL    PROBLEMS  IN  SIMPLE  CURVES. 

132.  Given:  a  curve  joinmg  two  tangents^  to  find  the  cTiange 
required  in  the  radius  R,  and  external  distance  E,  for  an 
(ummed  change  in  the  value  of  the  tangent  distance  T.    Fig.  31. 


Let  T  =  AV=VB        and  T'  =  A'V=:  VB' 
"    R  =  AO  '*   R'  =  A'0,' 

'•     E  =  VH  "   E'  =  VH' 

Then  T—  T'  =  AA'  =  the  given  change. 
By  eq.  (25)  R  —T  cot  i  a 

R'  =z  T  COt\A 


OQ  =  R^R'  =  {T-  T')  cot  iA  (48) 
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By  eq.  (26),  similarly, 

EH'  =E^E'  =z(T-  T')  tan  JA  (49) 

Eqs.  (48)  (49)  give  the  changes  in  B  and  E  for  any  change 
in  T.  When  T  is  increased  R  and  E  will  be  increased  also, 
and  vice  versa. 

Example. — A  4°  curve  joins  two  tangents,  making  an  angle 
of  38°  =  A,  and  it  is  necessary  to  shorten  the  last  tangent  dis- 
tance 80  feet.  What  will  be  the  change  in  the  radius  and  in 
the  external  distance? 

Eq.  (48)  r-  2"  =  80  log  1.903090 

i  A  19°  log  cot  0.468028 


Ans.  B   -R'    232.34  log.  2.866118 

R  1432.69 


R '  =         1200. 35      or  about  4°  46'  =D\ 

If  the  tangent  distance  had  been  increased  80  feet  we  should 
add  the  above  to  R. 

R'  =  1665.03        or  about  8°  26'  =  J9 ' 

Eq.  (49)        T-T'  =  80  log  1.903090 

iA  9°  30'       log  tan  9.223607 


Ans.         E-E'      13.387  log  1.126697 

133.  Given:  a  curve  joining  two  tangents,  to  find  the  change 
required  in  the  radius  B,  and  tangent  distance  T,  for  any 
assumed  change  in  the  value  of  the  external  distance  £•    Fig.  21. 

We  suppose  ffH'  given  to  find  OG  and  A  A '. 

By  eq.  (24)  E  =R  ex  sec  i A 

E'  =  R'  ex  sec  i A 

OG  =  R-R'  =  -—~  (60) 

ex  sec  ^  A  ^    ' 

By  eq.  (49) 

AA'  =  T-  T  =  {E-  E')  cot  iA  (31) 
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Example. — A  4°  curve  joins  two  tangents,  making  an  angle 
of  38"  =  A,  and  it  is  necessary  to  bring  tiie  middle  point  of 
the  curve  25  feet  nearer  the  vertex  V.  What  changes  are  re- 
quired in  the  radius  and  point  of  curve? 

Eq.(50)     E-E'=  25         log  1.897940 

i  A  19°        log  ex  sec  8.760578 

Ans,        B-B'      438.87         log  2.637363 

B    1432.69 


B'    998.82  or  about  5°  44' =  D' 

Eq.  (51)    E-E'  25  log  1.397940 

iA  9°  80  log  cot  0.776393 

T-T'        149.39  2.174333 

or  the  P.  C.  will  be  moved  toward  the  vertex  149.39  feet. 

But  if  the  point  JI,  Fig.  21,  were  to  be  moved  25  feet 
further  from  the  vertex  F,  then 

B '  =  1866.56  or  about  3°  04'  =  2) ' 

and  the  P.C.  will  be  moved  149.39  feet  further  from  the 
vertex. 

It  is  preferable  to  assume  some  radius  from  Table  IV.  near 
the  value  of  B '  found  as  above,  and  from  this  calculate  the 
value  of  T'  by  eq.  (21). 

134.  CHven:  a  curve  joining  two  tangents,  to  find  the  ehange 
fMde  in  the  tangent  distance  T,  and  external  distance  C,  by 
any  (Assumed  change  in  the  value  of  the  radius  B.    Fig.  21. 

By  eq.  (48) 

AA'  =  r-  T'  =  (B-B')  tan  iA  (52) 

By  eq.  (50) 

Hff '  =  E-E'  ={B-B')  ex  sec  i A  (53) 

The  changes  calculated  by  eqs.  (52)  (53)  will  be  added  to  or 
wibtracted  from  T  and  E  respectively,  according  as  the  radius 
if  increased  or  diminished. 

135.  Since  for  a  constant  value  of  the  central  angle  A, 


76 


FIELD  EKOIKBBKIKG. 


the  homologous  parts  of  any  two  curres  ore  pro|>oitioiial  to 
each  other,  we  may  write  at  once 


R'  =  It 


T. 
B' 


.E' 


C 


M-^i=r-  =  R~7=r-  =  R 


E 

E' 


C 

c 


T    =  r-F7-  =  T-^  —  T-PT-  =  T 


B 


etc. 


E 
etc. 


G 


(54) 


136.  Oiven:  a  curve  joining  i%Do  tangents,  to  change  the 
position  of  the  Point  of  curve  so  that  tJie  curve  may  end 
in  a  parallel  tangent.    Fig.  22. 

Let  AB  be  the  given  curve,  J.F,  VB  the  tangents,  and 
V'B '  the  parallel  tangent.    Then  W  is  the  distance  from 

one  vertex  to  the  other;   and   since 
there  is  no  change  in  the  form  or 
dimensions  of    the    curve,  we    may 
ccfnceive   it    to   be   moved  bodily, 
parallel    to    the   line  -4F,  until    it 
touches  the  line  V'B\  when  every 
point  of  the  curve  will  have  moved 
a    distance    equal    to  W.      Hence 
.      AA'  =  00=BB'=YV'.     There- 
"T    fore,  run  a  line  from  B  parallel  to 
-gijg^ gg^  AVy  intersecting  the  new  tangent  in 

B ',  measure  BB ',  and  lay  off  the  dis- 
tance from  A  to  find  A',  In  the  figure  the  new  tangent  is 
taken  outside  the  curve,  and  so  A '  falls  beyond  A,  but  if  the 
new  tangent  were  taken  inside  the  curve  at  VB",  the  new 
P.  C.  would  fall  back  of  A  at  some  point  A". 

If  the  parallel  tangent  is  defined  by  a  perpendicular  offset 
from  B,  as  Bp-,  since  the  angle  BB'p  =  A 


AA'=:BB'=: 


Bp 

sin  A 


(55) 


137.  Given:  a  curve  joining  two  tangents,  to  find  the 
radius  of  a  curve  that,  from  the  same  Paint  of  curw,  mU  end 
in  a  parallel  tangent.    Fig.  28. 

Let  AB  he  the  given  curve,  AV,  VB  the  tangents,  and 
V'B'  the  parallel  tangent;  and  let  .40  =  1?  and  ^0'  :=  /J'. 
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Since  the  centrtd  angle  A  remains  unchanged,  the  angle 
^A  between  the  tangent  and  long  chord  remains  unchanged; 
Iheref ore  V A  B '  —  VABy  and  the  new  point  of  tangent  is  on 
Uie  long  chord  AB  produced.  Find  on  tlie  ground  the  inter- 
Bection  of  V'B'  with  AB  produced  ■ 
jand  measure  BB\  In  the  diagram 
idraw  Be  parallel  to  AOy  then  BeB'  = 
A,  and  by  eq.  (22) 


but 


55=25tfsiniA 

Be=00'  =  B'  -B 
BB' 


R'  =B  + 


2  sin-^A 


(56) 


The  rf  sign  is  used  when  B'  is  be-  Fig.  23. 

yond  Bf  as  in  the  figure;  but  if  the 

parallel  tangent  is  within  the  given  curve  it  will  cut  the 
chord  in  some  point  B  \  and  then  the  —  sign  must  be  used, 
since  B '  will  evidently  be  less  than  B. 

If  the  parallel  tangent  is  defined  by  a  perpendicular  offset. 
as  Bp=:B'f;  since  BeB'  =  A 


Bp  =  Be  vers  a  ={B'  —  B)  vers  A 


B'  =  B  + 


Bp 


vers  A 


(57) 


Add  or  subtract  as  explained  above. 

If  the  long  chord  G  =  AB  is  known,  then  the  new  long 
chord  C  =  AB'  or  AB"  =  C  ±  BB',  and  by  eq.  (54) 


B'  =  B 


0  ±  BB' 
C 


m 


I  138.  Given:  a  cwve  joining  two  tangents,  to  change  the 
'  radius,  and  aXso  the  Point  of  curve,  so  that  the  new  curve 
i  may  end  in  a  parallel  tangreut  directly  opposite 
I  the  given  Bioint  of  tav^eni.    Fig.  24. 

Let  AB  be  the  given  curve,  A  F,  VB  the  tangents,  V'B'  the 

parallel  tangent,  and  B '  the  given  tangent  point  on  the  radius 

OB  produced. 
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In  the  diagram,  produce  the  tangent  ^F  and  the  radius  OB 
to  intersect  at  K.    Then 

BK  —  B  exsec  A 

-B'-K'  =  i?'exsec  A 
Subtracting  we  have 

BB'  =(B-B')exaec  A 

BB' 


E'-B'  = 


exsec  A 


(59) 


from  which  B'  is  easily  determined,  as  is  §§  132  and  133. 


Fig.  24. 


Fio.25. 


To  find  the  change  A  A'  of  the  P.C7.,  in  the  diagram  draw 
00  parallel  to  A' A;  then 


or 


0'G  =  0(7  tan  a 
AA'  =  (B-B')ta,n  A 


(60) 


By  substituting  the  value  of  {B  —  B')  from  eq.  (59)  and  ob 
serving  Table  II.  42  we  have 


AA'  =BB'  X  cotiA 


(61) 


Observe  that  eqs.  (59),  (60),  and  (61)  may  be  derived  directly  . 
from  eqs.  (50),  (52),  and  (51)  respectively  by  writing  A  for  i A. 

139.  Given:  a  curve  joining  two  tangents;  to  find  the  new 
tang-ent  points  after  each  tangrent  7ui»  been  moved  . 
parallel  to  itself  any  distance  in  either  direction.    Fig.  25. 
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Let  A  and  B  be  the  given  tangent  points,  and  A'  and  B' 
the  new  tangent  points  required.  Let  the  known  perpendicu- 
lar distances  Aq  =  a^  and  Bp  =  b.  We  then  require  the 
unknown  parallel  distances  qA'  =  x  and  pB'  =  y. 

Since  the  fonn  and  dimensions  of  the  curve  remain   un- 
changed we  may  conceive  the  curve  to   be  moved   bodily 
into  its  new  position  on  lines    parallel   and    equal   to  the 
line  VV  joining  the  vertices.     Then  AA  =  00'  =  BB'  = 
VV\ 

In  the  diagram  draw  FS' parallel  and  equal  to  Bp  =  b  and 
VH  parallel  and  equal  to  Aqz=  a.  Then  VH=  qA  =  a?,  and 
V'K=  B'p  =  y.    Since  FG^ F'  =  a,  we  have 


VG  =  -v^  and  GH=      ^ 


sm  A 


tan  A 


and  since 


Vff=  VG-GH=x 


Similarly 


x  =  -. 

sm  A 


y  = 


a 


tan  A 
a 


tan  A       sin  a 


(62) 


When  the  new  tangents  are  outside  of  the  given  curve,  the 
offsets  a  and  b  are  considered  positive;  if  either  new  tangent 
were  inside  of  the  given  curve  its 
offset  would  be  considered  negative. 
In  solving  eqs.  (62)  if  x  and  y  are 
found  to  be  positive  they  are  to  be 
laid  off  fiyrwards  from  q  and  p,  as 
in  Fig.  25;  if  either  is  found  to  be 
negative  it  is  to  be  laid  off  in  the 
opposite  direction. 

Exa/mple, — A  certain  curve  has  a 
central  angle  of  50°  =  a,  and  it  is 
proposed  to  move  the  first  tangent 
in  20  feet  and  the  second  tangent 
ov>t  12  feet.  Required,  the  distances  on  the  tangents  from  the 
old  tangent  points  to  the  new.    Fig.  26. 


Fio.  26. 
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Ilereasa  —  20  and  &  =  + 12 


+  6  12 
A   50° 


15.665 


1.079181 
log  sin  9.884254 

1.194927 


—  a    20 
A       60° 

-  16.782 


1.301030 
log  tan  0.076186 

1.224844 


X  =  15.665  -  (- 16.782)  =  +  32.450 


+  5    12                       1.079181 
A       50°         log  tan  0.076186 

—  a 

A 

J6.108 

20                       1.801080 
50°         log  sin  9.884254 

10.069                1.002995 
1/ =  10.069 -(- 5 

26:108                 1.416776 

)  = +36.177 

For  -j-  a  and  —  h 


For  +  *  and  +  h 


For  —  a  and  —  b 


X--  32.450 
y= -36.177 

«=-    1.120 
^  =  -  15.939 

«  =  +   1.120 
y  =  + 15.939 


If  we  have  a  and  x  given  to  find  6  and  y\  Solvujg  eqa.  (62) 
for  6  and  y  we  obtain 


d  =  a?  sin  A  -f  •  a  cos  A 
^  =  a;  cos  A  —  a  sin  A 


} 


(«3) 


In  which  the  algebraic  signs  of  the  quantities  must  be  ob- 
served as  above. 

140.  Oiven:  a  curve  joining  two  tangents,  to  find  a  nm» 
Radius  and  new  position  of  the  Point  of  curve,  such 
that  the  curve  may  end  at  the  same  point  as  before,  but  with 
a  given  eh/inge  in  the  direction  of  the  forward  tangent 
Fig.  27. 

Let  AB  be  the  given  curve,  AV,  VB  the  given  tangents, 
V'B  the  new  tangent,  and  VBV  the  given  change  in  direc- 
iion.    Let  A'=  A+ F57'. 
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In  tbe  diftgram  drswBG  perpeodicniar  to  J.  F  produced; 
I  then 


BG  =  B  vers  a 
=  B'  vers  a' 


Hence 


and 


iJ'=B 


vers  A 
vers  a' 


m 


AA  -AG-  AG  -  B  sin  a  -  i?'  gin  a'       (65) 


In  the  figure  the  change  in  direction  of  tangent  n^kes  a' 
greater  than  A ;  therefore  V  falls  beyond  F,  and  A  beyond 


Fi».9r. 


FI0.88L 


A\  but  if  the  change  made  A'  less  than  A,  then  F'  and^' 
would  fall  behind  F  and  A  respectively,  and  B*  would  be 
greater  than  B. 

The  same  formulae  apply  to  the  converse  problem  In  which 
B  is  taken  as  the  point  of  curve,  and  A  and  A  as  points  of 
tangent 

1^1«  Gvoen  a  ewne  J^Mm^  hoa  tangents,  tQ  And  the  ehanos 
in  ffu  Point  of  curve  when  fit  forward  tangent  takes  a  new 
direction/rom  the  vertex  V.    Fig.  28. 
By  eq.  (21) 


F4  =  5  tan  i A,    VA  =:B  tan  iA' 
AA  =  B  (tan  iA  -  tan  i a') 


(66) 


142.  Given:  a  curve  joinihg  two  tangents,  to  find  the  nsw 
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radius,  R*,  wTien  the  fortoard  tangent  takes  a  new  direct 
tlon  from  the  vertex,  V.    Fig.  29. 
By  eqs.  (21)  (25) 

rA  =  Bi&niA,    B'  =VAcotiA' 


B'  =  i?taniA  cot^A' 


(67) 


143*  Given:  a  curve  joining  two  tangents,  and  a  given 
change  in  the  direction  of  the  forward  tangent  from  the 
vertex,  to  find  the  radius  and  point  of  curve  of  a  curve 
that  shall  pass  at  the  same  distance,  YH,  from  th^  vertex. 
Fig.  80. 

Let  AB  be  the  given  curve,  BVB'  the  given  change  in 


Fio.  89. 


Fig.  80. 


direction  of  tangent,  and  F^^'  =  TO".    Let  a  =  A  +  5FS'. 
then  eq.  (24) 


Kff=iJ ex  sec  4a  =  Ffi^' =^' ex  seciA' 


B'=^B 


By  eq.  (28) 


exsec  jA 
exseciA' 


m 


YA  =  FIT  cot  i  A,     VA'  =  VH'  cot  iA' 


AA'  =  FB"(cot  iA  -  cot  iA') 


m 


But  in  case  a'  =  a—BVB\  AA'  becomes  negative  and 
must  be  laid  off  backward  from  A, 
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.Euflwupfo.— Given  a  2^  curve,  A  =  80°  and  BVB'  =  - 10* 

.  A' =  70** 


R 
YH 

iA' 

B' 

iA 
iA' 


40'' 

874.97 

1'  27'  nearly 
20*^ 

17**  80' 


log  8.457114 
log  exsec  9.484879 

2.941993 
log  exsec  9.343949 


cot  2.74748 
cot  8.17159 


3.598044 


-  0.42411 


AA  =  874.97  X  (-  .42411)  =  -  871.08 

% 

and  must  be  laid  off  backward  from  A. 


Given:  two  indefinite  tangents,  a  paint  nituaied  be- 
tween them,  and  the  angle  A,  to  find  the  radivs  B,  and  tan- 
gent distance  ^  of  a  curve  joining  tli>e  tangents  which  shall  pass 
through  the  g^ven  point.    Fig.  81. 

If  the  given  point  is  on  the  bisecting  line  VO,  as  H,  meas- 
ure Fff  =  B,  and  find  i?  and  T  as  in  §§  97,  98. 
When  the  given  point,  as  P  is  not  on  the  bisecting  line  VO; 

if  a  line  GK  is  passed  through  P  per- 
pendicular to  VO,  it  will  be  parallel 
to  any  long  chord,  as  AB,  and  the 
angle  VGK=\a.  The  curve  pass- 
ing through  P  will  intersect  GK  in 
some  other  point  P';  the  line  GK 
is  bisected  by  the  line  VO  at  /,  and 
PI=  PL 

If  the  given  point  P  is  located  by  a 
perpendicular  offset  from  the  tangent, 
as  PL;  in  the  triangle  PLG,  LG  = 
PL  cot  i A.  Lay  off  LG,  and  at  G  deflect  VGK=  iA,  and 
measure  GP  and  PK,  Since  by  Qeom.  (Tab.  I.  24)  GA*  = 
GP'  X  GP,  and  GP'  =  PK ; 


Fio.  81. 


•  t 


GA=  VgPxPK 


(70) 


u 
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Lay  off  GA;  axid  A  is  the  Point  of  curve,  ^  Tea  T,  and 
Ii  =  AV  cot  i  A, 

If  the  given  point  were  located  by  an  offset  from  BV,  find 
B  first,  iibd  make  VA  =  BV. 

If  1116  givto  point  P  is  located  by  a  pei^endiculAr  offset 
IP  from  the  bisecting  line  VO;  produce  IP  to  intersect  the 
tangent  At  (^  and  measure  PG.    Since  P'G  =  QP+  ^PI 


QA=  VGP  (GP  +  2PI) 
whence  we  have  the  point  of  curve  A,  an  before. 


(71) 


145.  Given:  a  mrve,  AP,  and  ths  radial  offset  P!P' 

to  find  a  cwroe  which  shall  pass  through  the  point  P ',  stcvrt- 
ing  from  the  mme  point  if  tmrve  A^    Figi  89. 

k 


FzcKSa 


Let  b  =  PP\  and  in  the  diagram  draw  P'G'  parallel  to  the 
tD(«iiBon  tangent  AX,  and  join  AP\    Then 

P'G'={B  ±  b)Bm  A 
G'A  =i2-(fi±  5)  cos  A 


^♦^'-H^-mli^ 


*--  cot  A 


^'  ^  ^'^*  ^  0±b)tAn  A 


sin  a' 


din  a' 


(72) 


(73) 


Wh^A  the  btf set  h  mtwdtd  use  H  +  b,  whien  it  la  inwird 

vm^  ^  —  *; 

Example.— GiYQn:  a  3°  curve  oiP  16  statiOiMs  tmd  %  tadkU 
offset  of  205  feet  inward  from  the  P.  T.  to  find  the  radius  of 
th6  fe\irve  passing  throwgli  thd  Bxtremky  of  the  offset. 
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Here  A  =  3°  X  16  =  48' j  and  &  =  206. 


-R    3°=    1910.08 
B-b         1705.08 
A     48° 

log  8.231745 
log  sin  9.871073 

P'G' 
i?3° 

1.50742 
A    48°  cot  .90040 

3.102818 
log  3.281051 

0.178233 

iA'       tan  .60702  = 

A' 

P'G* 

:  31°  15i' 
2 

62°  31'                lo 

i? '  (about  4°  01').    Ans, 


log  sin  9.947095 
log  a  102818 

3.154823 


If  the  same  offset  were  made  outside  of  the  curve  we  should 
find  R'  log  3.438850,  or  about  a  2°  05'  curve. 

This  solution  is  inconveniently  long  for  ordinary  field  prac- 
tice. When  the  offset  is  small  compared  with  the  length  of 
curve,  we  may  use  the  following 

Approximate  Rule :  Divide  twice  the  offset  h  by  the 
length  of  curve,  look  for  the  quotient  in  the  table  of  nat. 
sines,  and  take  out  the  corresponding  angle,  which  multiply  by 
too,  and  divide  by  the  length  of  curve.  The  quotient  is  the 
torrection  for  the  given  degree  of  curve;  to  be  subtracted  when 
the  offset  is  made  outward,  and  added  when  the  offset  is  made 
innard. 

This  rule  is  expressed  by  the  formula 


^      ^     100   .     _i2& 
D'  =  2>  t:  -y-  sm       -g- 

Taking  the  same  example,  we  have 

2b 

^  =  sin  14°  51' 


(74) 


100 

«nd  correction  =  14°  51'  X  j^ 
Hence  2>'  =  3°  66'  or  i>'  =  2°  04' 


=  T  0°  56 


86 


FIBLD  ENGIKEEBIKG. 


THE    VALVOID. 

146.  Given:  any  number  of  circular  curves  of  equal  length 
L,  all  starting  from  a  comm>on  point  of  curve  A,  in  a  common 
tangent  AX,  to  find  the  equation  of  the  curve  joining 
their  extremities.    Fig.  33. 
Let  AP  be  any  one  of  the  given  curves, 
iJ=  its  radius  ^0, 
2>  =  its  degree  of  curve, 
A  =  its  central  angle  AOP, 
"    C  =  its  lonir  chord  AP. 


tt 


it 


« 


Fio.  SS. 

By  substituting  the  value  of  R  from  eq.  (1«)  in  eq.  (22)  we 
have 

sin  iA 


(7=100 


sin  ^D 


(75) 


Substituting  in  this  the  value  of  D  from  eq.  (20)  and  letting 

G  Jj 

(iheta)  Q  =  i  A ,  (rho)  p  =  ryc^  and  iV^  =  jtw^  ,  we  have  for  the 

lUU  lUO 

polar  equation  of  the  required  curve 


P  =  - 


sin  B 


B 


je) 


In  which  p  is  the  radius- vector    AP,  Q  the  variable  angle 
XAP,  the  unit  of  measure  is  one  side  of  the  inscribed  polygon 
by  which  the  circular  curve  AP  is  measured,  and  N  the  num 
ber  of  these  sides  in  the  length  of  the  curve  AP-    By  ths 
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conditions  of  the  problem  iV  is  constant,  but  B  may  have  any 
value  whatever.  If  we  let  6  vary  from  0^  to  +  180°  and  from 
0'  to  -  180°  the  point  X  will  describe  the  curve  XP'PA 
shown  in  the  figure,  which  is  called  the  Valvoid  from  its  re- 
semblance to  the  shell  of  a  bivalve.  All  circular  curves  tan- 
gent to  AX  at  A  and  having  a  length  L  =  AX  will  terminate 
in  the* valvoid,  and  the  line  PP'  joining  the  extremities  of 
any  two  of  them  is  a  chord  of  the  valvoid. 

147.  To  find  a  tangent  to  the  valvoid  at  cmy  point 
P.    Fig.  34.     See  Appendix. 
Differentiating  eq.  (76) 


dp 
W 


=  /)(cot0--i.cot-|r)  (77) 


which  is  essentially  negative,  since  p  is  a  decreasing  function 
ofO. 
Let  (phi)  <p  =  APG,  the  angle  between  the  radius  vector 

and  the  normal  PO. 

1  B 

tan  9)  =  -^  cot  ^  —  cot  0  (78) 

The  line  PK  perpendicular  to  PG  is  tangent  to  the  valvoid 
at  P,  and  PF  perpendicular  to  PO  is  tangent  to  the  curve  AP, 

Then  ^IPF  =  Q  and  FPG  =  B-<p,  and  letting  *  =  OPK  = 
VPG. 

l=:B  —  <p  =  \A  —  <p  (79) 

Therefore,  to  obtain  the  direction  of  a  tangent  to  the  val- 
void at  any  point  P,  deflect  from 
the  radius  PO  an  angle  equal  to 
i  =  (iA  —  <p\  on  the  side  of  PO 
farthest  from  tiie  point  ot  curve  A, 

The  value  of  i  may  be  found  by 
eqs.  (78)  (79),  but  we  are  saved 
this  somewhat  tedious  calculation 
by  the  use  of  Table  X.  1,  which 

« 

contains  values  of  the  ratio  —  =  m  ^^®-  ^ 

A 

for  various  values  of  a  ,  and  length  of  curve  L.    Multiplying 

A  by  the  proper  tabulated  number  gives  the  value  of  ^  =  OPK 

at  once;  or 

»  =  (iA-9)=^A  (80) 
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148.  To  find  the  radius  of  curvature  of  the  wUwi^ 
at  any  point  P«    See  Appendix. 
Differentiating  eq.  (7*^  we  liavc 


=  />[-l"|-cot6cotJ.  +  ^(3cot«A  +  i)J 


Tlie  general  formula  for  the  radius  of  curvature  of  polai 
curves  is 


r  = 


('•+# 


f+'S-p"' 


dB*       '^  dQ* 


Substituting  in  this  the  values  of  p,  -3^,  and  -~,  and  putting 

(16  \ 

-^  cot  -^  —  cot  0  I  =  a  we  have  after  reduction, 

p           (1  +  a«)t 
«•=!• 1        ^ (81) 

l-2j^-acot6 

This  formula  being  too  complicated  for  convenient  use  in 
\he  field,  its  use  is  avoided  by  referring  to  Table  X.  2,  which 

contains  values  of  the  ratio  y  =  «  for  various  values  of  A  and 

L.  Multiplying  the  given  value  of  L  by  the  proper  tabular 
ratio,  gives  the  value  of  the  radius  of  curvature  of  the  valvoid 
for  a  short  distance  either  way  from  the  given  point  P;  or, 

r  =  «Z  (83) 

149.  To  find  the  length,  of  arc  of  the  fxUvoid  earre- 
tponding  to  a  change  of  one  degree  in  the  ixUue  of  the 
angle  A.    Fig.  35. 

From  any  chord  AP  suppose  a  deflection  of  J  degree  to  be 
made  each  way  to  Ap'  and  Ap' ;  then  the  angle  p'Ap'  =  i"  = 
the  change  in  6,  and  smce  A  =  29,  this  makes  a  change  of  1° 
in  the  value  of  A.    We  then  require  to  i^nowthe  length  o' 
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the  arc  p'p',  and  we  may,  without  sensible  error,  consider  it 
to  be  described  by  the  radius  of  curvature  r  =  Po  for  the 
point  P,  through  an  angle  p'op\    Now 


p'op'  =  Xop'  —  Xop'  = 


By  eq.  (80) 


a; 

2 


A' 


-■) 


o"  +  9>'  —  ^' 


A' 


^'  =  -f-(l-2^') 


and       ^'="1^(1 


2u') 


Fio  .35. 


and  since  <p'  is  so  nearly  equal  to  <p'  we  may  assume  u'  =s 

a'  —    A  ' 

u'  z=z  u  ;    hence  ^'  —  ^'  =  ^ (1  —  2w)  and  p'op*  = 

(A'-  A'Xl-^). 

But  the  condition  of  the  problem  requires  a'  —  a'  =  1*, 
hence  pop'  =  (1  —  uy. 

Therefore  the  length  of  arc  p'p'  for  a  change  of  V  in  the 
value  of  A  is 

i,  =  r  (1  —  -w)  X  arc  1* 

or  (Tab.  XVII.)        l,  =  r{l^u)  .0174533 

and  since  r=:DL  (Tab.  X.  2), 

l,  =  f)(l-u)L  .0174583  (83) 

By  this  formula  Table  X.  3  has  been  prepared,  for  various 
values  of  A  and  L, 

150.  Omn:  two  curves  of  &ie  same  length  L  but  of 
d^lferent  raM,  ttarting  from  th^  tc^me  point  of  eurpe  ivt  a 
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common  tangent,  to  determine  the  direction  and  lens^h  of 
a  Une  Joining  their  extremities.    Fig.  86. 

Let  AX  be  the  common  tangent,  and  AP,  AP'  the  two 
curves,  to  determine  the  direction  and  length  of  P'P*. 

If  we  take  the  point  P  on  the 
arc    P'P"   determined   by  the 


angle   a  = 


_  A'+ A 


2 


and  draw 


a  tangent  PK  to  the  valvoid  at 
P,  we  may  assume  without  ma- 
terial error  that  the  chord  P'P' 
will  be  parallel  to  PK  for  any 
value  of  P'P'  not  exceeding 
iL,  a  limit  not  likely  to  be  ex 
ceeded  in  practice. 
Let  0  be  the  centre  of  the  curve  AP  fixing  the  point  P ; 


K    o"    o  0' 

Fio.  86. 


then  AOP  =  ^^—,  and 


OPK=%  =  u 


A'+A* 


Piro  =  ir=^-tA:-,-  =  ^i:A'(i-«) 


Since  PP'  is  assumed  parallel  to  PK, 
PP'a  =  KQO'  =  A'  -  K=  A'  -  ^^-i-^ 


a-u) 


P'P'O'  -  i'  -    A-g  +  t^-)-   A'd^u') 

2 


Similarly  producing  PP  to  any  point  ff. 


whence  also 


r  =  r  +  A'  -  A' 


(84) 


(85) 


(85)' 


The  slight  error  involved  in  the  above  assumption  Is  cor> 
rected  by  taking  out  the  value  of  u  (Table  X.  1)  correspond- 
ing to  a',  the  less  of  the  two  given  central  angles;  we  have 
therefore  written  u  with  the  double  acceut  in  equations  (84) 
and  (85). 
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When  »"  and  i'  are  positive,  they  will  be  deflected  as  in 
Fig.  36,  on  the  side  of  the  ndius  farthest  from  A  ;  should  i'  be 
negative  it  will  of  course  be  deflected  from  P'O"  toward  A. 

The  B.Tt  P'P"  corresponds  to  a  change  of  the  central  angle 
from  a'  to  a"  ;  hence 

V  :  A'- A'  ::  ^  :  P'P' 
»r 

P'P'  =  {  A'-  A")  I,  (86) 

in  which  I,  is  taken  from  Table  X.  3  for   Z  =  AP,  and 

A'+  A" 

As  in  practice,  the  distance  P'P*  is  usually  small  compared 

with  L,  the  arc  and  chord  will  be  almost  identical  and  no 

further  calculation  is  necessary.     JI  P'P"  18  large,  it  will  be 

found  that  equation  (86)  gives  the  length  of  a/rc  very  correctly 

a'  —  a' 

when  5 does  not  exceed  20°,  and  the  length  of  cTiord 

2 

A  '      I         A  * 

when  — ^ —  exceeds  60° ;  for  intermediate  mean  angles  it 
2 

gives  a  value  to  P'P"  between  that  of  the  arc  and  chord. 

The  arc  P'P"  may  be  considered  to  be  described  by  the  radius 

r  =  vL,v  being  taken  f  Cr  4*  t"  ^    (Table  X.  2),  and  its  total 

curvature  is  foun<7  *)y  multiplying  its  length  by  tho  degree  of 
curve  co^res^onding  to  r  (Table  IV). 

Example.  Given,  a  2°  80'  curve,  and  a  1°  curve  of  12  stations 
each  from  the  same  PG,  to  determine  the  distance  between 
their  extremities. 

A'  =  2i''  X  12  =  30°,        A'  =  12°,        ^-y^"  =  ^^' 

A' -A' =  18°,  t*'  =  . 33446 

Eq.  (84).   i"  =  2°.9737  =    2°58'25'' 

Eq.  (85)'.  i'  =  t"  +  A'  -  A"  =  20°.9787  =  20°58'25'' 
Eq.  (86).    Arc  P'P"  =  18°  X  10.425  =  187.65  ft.    Ans, 

Eq.  (82).   r  =  1200  X  .7479  =  897.48  ft.  =  (say)  a  6°23'  curve. 
Total  curvature,  P'P'  =  6°.383  X  1.8765  =  11°.9777. 
(The  distance  P'P'  may  be  found  by  solving  the  triangle 

formed  by  itself  and  the  long  chords  of  the  curves  AP'^ 

AP'.) 
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151.  Giwn  :  a  curve  AP,  to  find  a  curoe  starimgfrofn  tJu 
same  paint  A,  that  shall  shift  the  station  P  any  desired  dis- 
tance PP'  to  the  right  cr  left.    Fig.  36. 

Before  we  can  determine  what  distance  PP'  is  desired,  we 
must  know  (approximately)  its  direction.  We  have  given, 
therefore,  D^  L,  and  a  to  find  the  angle  OPP',  and  (after 
measuring  PP')  to  find  a'  and  D\ 

The  solution  is  necessarily  somewhat  approximate,  yet 
close  enough  for  all  practical  purposes.  For  if  the  required 
value  of  D'  were  obtained  precisely,  it  would  probably  involve 
some  seconds,  and  would  therefore  be  discarded  in  favor  of 
some  value  in  even  minutes. 

When  P'  is  inside  the  given  curve  : 

Eq.  (80).  t  =  OPK  =  « A.    Table  X.  1. 

Eq.  (82).  r  =/\/      =  vL,      Table  X,  2. 

Let  S  (delta)  =  degree  of  curve  corresponding  to  r^  by 
Table  IV. 

OPP'  =  *  -  :^  •  id  nearly. 

Eq.  (86).  A'  =  A  +  ^.    Table  X  3. 

Instead  of  taking  l^  from  Table  X.  3  for  the  exact  value 
of  A  it  is  well  to  take  it  for  the  estimated  value  of  — ^ — •. 

100 
Eq  (20).  iy  =  ^  A' 

When  P'  is  outside  of  the  given  curve : 

*  =  uA,       r  =  «X, 

180^  -  OPP  =  t-\-  ^  •  id  nearly. 
Example.  Given,  a  4°  curve  of  800  feet,  or  a  =  82°  to  And 
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a  curve  from  the  same  P.  C.  whioh  lihall  shift  the  last  0tatioii« 
in,  about  55  feet.     (Fig.  36.) 

i  =  32°  X  .3355  =  10°.736 
r  =  800  X  .7450  =  596,        .'.   t5  ?=  9^  3f  =  9^6  ' 

OPF'  3  1i0'.739  -  ^  X  4°  J  B5  8"  Off 

40" 
For  a  5*  curve,  the  true  distance  PP'  =  55.53 


t€       H 


4°59' 


(( 


K 


it 


(< 


PP'  =,  54, W 


which  proves  this  method  practically  correct. 

if^S*  ^^71  .*  a  tangent  and  ewroe,  and  a  straig^M  liiui 
intersecting^  them,  makififf  a  givef^  angle  with  the  tange/i^t  qt 
a  given  paint,  to  determine  the  dii^tance  on  the  ]d^p 
from  the  tangent  to  the  curve.    Fiig.  87. 


We  have  OA,  AG,  and  the  angle  -4G=Pto  find  OP. 

M 


\»xiAOO  = 


AG 


«AaOPI=^  sin  PGO  = 


PGO  =  AGO  -  AGP 
%mPQO 


mAQQ 


^^-^ ^TPGO 
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When  AGP = AGO,  eq.  (34), 

GP  =  B  exsec  (90''  -  AGO) 

When  AGP=:  90%  §§  (92),  (119), 

G'Ps  R  vers  POA,        sin  PO-4  = 

When  AGP'  >  AGO,  vre  have 


P'GO  =  -AG^P'  -  AGO 


GA 


Lut  the  other  formulae  remain  unchanged. 
JExamptc-^Lei  E  =  955.37,  -4(7  =  850,  AGP  =  40* 


i?       955.37 
AG    350. 

-4GP 

69°  53'  47' 
40° 

log  3.980170 
log  3.544068 

log  tan  0.436103 

A  GO  69''  53'  47' 

39°  53'  47' 
33°  03'  36' 

log  sin  9.697887 
log  sin  9.973653 

OPI 

log  sin  9.724784 

POG 

3°  09' 49' 

log  sin  8.576953 

B 

PG           73.40    An$, 

8.879566 
log  3.980170 

log  1.859786 

This  problem  may  be  used  in  passing  from  a  tangent  to  a 
curve  when  the  tangent  point  is  obstructed.  The  distance 
AP  on  the  curve  is  defined  by  the  angle  4  ^^i  which  is  readily 
found. 

If  AGP'  >  2AG0  the  line  will  not  cut  the  curve. 


153.  Given :  a  curve  and  a  distant  point  to  find  a 
tangent  that  shcUl  pass  throug^h  the  point.    Fig.  88. 

We  have  the  curve  adg  and  the  point  P  visible,  but  distance 
unknown,  to  find  the  ^^*nt  of  tangent  B» 
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Any  chord,  as  hf,  parallel  to  the  required  tangent,  if  pro- 
duced will  pass  the  point  P  at  a  perpendicular  distance  equal 
to  the  middle  ordinate  of  that  chord.  Ranging  across  every 
two  consecutive  stakes  on  the  curve  we  at  first  find  the 
range  falling  outside  of  the  required  tangent,  as  hcG,  cdff, 
etc. ;  but  finally  the  range  falls  inside,  as  deK.  We  then  know 
that  the  required  point  is  between  e  and  e,  / 

If  the  range  ce  falls  inside  the  point  P,  a 
perpendicular  distance  equal  to  the  middle 
ordinate  of  ee,  the  tangent  point  is  at  d. 
If  the  perpendicular  distance  is  greater 
than  this,  the  point  B  is  between  c  and  d. 
If  less,  or  if  the  range  ce  falls  outside  of 
P,  the  point  B  is  between  d  and  e.  The 
middle  ordinate  for  ce  (200  feet)  equals  the 
tangent  offset  for  100  feet,  given  in  T^ 
lY.,  and  it  is  generally  so  small  that  it  can 
be  estimated  at  P  without  going  to  lay 
it  off. 

To  find  the  exact  point  P,  when  it  falls 
between  d  and  e,  find  by  trial  a  point  x 
on  the  arc  cd  in  range  with  e  and  a  point 
inside  of  P  a  perpendicular  distance  equal 
to  the  middle  ordinate  of  ex.  The  point  B 
is  at  the  middle  point  of  the  arc  ex.  If 
the  point  B  is  between  c  and  d,  stand  at  c 
and  find  a  point  x  on  the  arc  de  in  the  same 
way.     P  is  at  one  half  the  arc  ex. 

The  middle  ordinate  of  any  chord  ex  is 
less  than  M  for  200  feet,  and  greater  than  m  for  100  feet, 
necessary,  its  exact  value  m'  can  be  found  by 


I 


Fia.  88. 


If 


m  = 


m  X  ex* 

"ioooo" 


(87) 


and  this  equation  is  nearly  true  when  ex  is  as  great  at  800  or 
400  feet.  That  is,  middle  ordinates  on  the  same  curve  are  to 
each  other  as  the  squares  of  their  chords  very  nearly. 

By  this  method  the  point  B  is  found  without  the  use  of  the 
transit,  so  that  the  plug  can  be  driven  at  B  before  the  transit 
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is  brongiii  up  from  tiie  rear.    It  jb  ther^ore  preferable  to  the 
fdllowing  fiolutioo.    Fig.  89. 

Ffom  ftny  two  points  a  And  e  of  the  curve  measure  the 
ADgUMi  to  the  point  P,  so  that  ^ith  the  chord  ae  bssl  baae. 
and  the  measured  aogles,  we  may  find  eP  by  the  formula 


tP^ac 


BincaP 
sin  cPa 


Knowing  the  angle  e  that  cP  makes  with  a  tangent  at  c,  we 
find  the  length  of  the  chord  ed  hyedz=2B  sin  e. 
By  Geom.  Tab.  I.  34, 

PB=:B?=  VcP  X  dP 

whence  we  know  ce.    Opposite  e,  or  on  the  arc  eB  described 
with  the  radius  Pe,  we  find.  £, 


Fig.  89. 


Fig.  40. 


154«  Given:  two  curves  exterior  to  each  other,  to 
find  the  tcmgent  poirUa  qf  a  line  tangent  to  both  and  its 
length  betiMen  tangent  points.    Fig.  40. 

Let  B  and  A  be  the  required  tangent  points.  Let  OB  ==  B, 
wxdO'Ax^B'. 

On  the  ^iirve  of  greater  radius  B  select  a  point  R  supposed 
to  be  near  the  unknown  tangent  point  B,  and  knowing  the 
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direction  of  the  radius  OH,  find  on  the  other  curve  a  point  K 
having  a  radius  0  'K  parallel  to  OHy  and  measure  HK.  In 
the  diagram  draw  Oh  and  Oa  perpendicular  to  HK.  Then 
the  angle  KG' a  =  90°  -  HKO'  =  KO'A  nearly,  which  is  the 
angle  required.  We  have  therefore  to  find  the  correction 
aO'A  =  x,  and  apply  it  to  KO'a, 

Aa  =  B'  vers  KO'a;        Bb  =  B  vers  KO 'a  nearly. 

Ka  =  B'  sin  KO'a;         ffb  =  B  sin  KO'a 

Eb  "Aa=  (B-B')  vers  KO'a 

ab  =HK+{B-  B')fmKO'a 

(B^B')YersKO'a  •.  „„ 

^  ^  =  HK+(B  ^  B')  sin  KO'a  ^^^^^^      (^^> 

KO'A  =  {KO'a  -  a-)  =  J705 

Observe  that  KO  'a  =  the  angle  between  the  tangent  at  K  or 
II  and  the  line  HK ;  and  -^O'-d  =  the  angle  between  the 
tangent  at  JSTor  IT  and  the  required  tangent  BA, 
If,  instead  of  H  and  K,  the  points  H'  and  K'  had  been 

selected,  then 

(B-B')YeTsH'Ob  .       „_ 

sma^=^.^,_^^_^,^^.^-^^  nearly,    (88) 

and 

H'OB  =  ^'0-4  =  H'Ob  +  X. 

The  length  of  BA  should  be  obtained  by  measurement,  but 
It  may  be  calculated  by 

AB  =  ab-{B-'  B')  sinaj  (89) 

When  i?  =  i?',  a;  =  0,  and  HKis  parallel  to  BA, 

In  case  the  curves  are  reverse  to  each  other,  as  in 

(B  +  B')yeT8K0'a  .  .... 

''''  ^  =  HK+iB  +  B)  sin  KO^  "^^^^3^-       ^^^ 

KO'A  =  HOB  =  KO'a  -  x 
If  the  points  H'  and  K'  are  selected,  Fig.  41, 
rin;c-        (g  +  -g  Vers  J/-0& 

JT'OJ?  s  JT'O  .A  =  JSrOJ  +  * 
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The  lioes  SK,  AB,  and  00'  a]l  inlereect  in  a  commoi 
point  J,  Fig.  41. 


IB^  Vm(HI-\-  2U  sin  HOb)  (93) 

These  laat  three  equations  fumleh  another  method  of 
solving  the  same  problem.  They  may  be  applied  to  Fig.  40 
by  changin^the  sign  of  R'. 

In  Fig.  41,  if  .fi  =  R\  then  EI=  \EEmi.  AB  =  2IB. 


Via.  a 

155.  6ii>en:  two  curveBt  O  and  O',  reverse  to 
each  oOier,  Joined  by  a  tangent  BA',  and  t^-Tntnatinff  in 
another  tang&nt,  B'F  ;  to  change  the  position  of  the 
Point  of  Tai^ent  ^  of  Iha  jirU  curve,  to  that  the  te^Kmd 
curve  may  terminate  in  a  given  parallel  tangent,  B'F'. 
Fig.  43. 

Let  X  be  the  required  new  position  of  B. 
"   0' be  the  corresponding  position  of  0'. 
"    a'  =  .A'O.B' and  a'  =  J'O'B". 

Since  the  radii  and  the  connecting  tangent  arc  unchanged 
in  length,  and  all  rotate  together  about  0  as  a  centre,  0 '  will 
be  on  a  circle  passing  through  0',  described  with  a  radiua 
00',  and  the  required  angle  BOX=  O'OO'. 
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In  the  diagram,  produce  O'A'  and  draw  the  perpendicular 
OQ,  and  let  a  =  the  angle  00' G,  Also,  draw  OK  parallel 
and  0''K  and  0 'JH"  perpendicular  to  -B'O'.  In  the  triangle 
OO'G^  wehave 

cot  00'Gf  =  ^,      or     cota='^+^-  (95) 

00'  =  :^±^  (96) 

cos  a  ^    ^ 


and 


The  angle  KOO'  =  00'^'  =  a  +  A'. 
The  angle  ^00"  =  OO'B"  =  a  +  a'. 

^0  =  00'.  COS  (a  +  A"),      HO  =  00'.  cos  (a  +  a'X 
.-.     ^ir=  O0'[cos(a+  A'')-cos(a+  a')]  =  B'F' 

cos  (a  +  A")  =  cos  (a  +  a')  +  -^  (97) 

50X  =  O'OO'  =  (a  +  A')  -  («  +  A")  (98) 

If  we  conceive  a  line  to  be  drawn  through  0  bisecting  the 
arc  O'O",  the  angle  it  makes  with  ^'O"  is  a  mean  between 
B'0'0  and  B'O'O  ;  hence  the  chord  0'0\  perpendicular  to 
this  line,  makes  an  angle  with  O'P  perpendicular  to  j^'O'  of 

PO'0'  =  i[(a+ A')  +  (a+ A')] 
and  since 

O'PzzzPO"  cotPO'O' 

F'B'  =iB'F'  coii[{a+  A')  +  (a+ a")]      (99) 

which  gives  the  distance,  measured  on  the  parallel  tangent, 
between  the  old  tangent  point  and  the  new. 

This  problem  occurs  in  practice  when  both  the  connecting 
tangent  and  the  radius  of  the  last  curve  are  at  their  minimum 
Umit,  and  the  parallel  tangent  is  inside  of  the  old  one,  as  in 
the  figure.  Should  the  new  tangent  be  outside^  the  same  for- 
mula apply,  only  changing  the  sign  of  B'^F'  in  eq.  (97).  But 
in  this  last  case  it  is  usually  preferable  to  employ  problem 
§  136  or  §  137. 

Example.— K  V  40'  ctirve  is  followed  by  a  tangent  of  200  ft., 
and  that  by  a  4''  curve  of  10  stations  ending  in  a  tangent '; 
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And  the  offset  to  the  given  parallel  tangent  is  80  ft.  on   the   | 
inglde.     Required,  the  position  of  the  new  t&ngmi  poipts  Ji   \ 
and  B\ 
Here  B  =  3437.87,  R'  =  1432.69,  BA'  =  200,  ^'F'  ==  80. 

Eq.  (95)  iJ  +  J8'  4870.56  log  8.687579 

BA'  200.  log  2.301030 

log  cot  1.886549 
log  cos  9.999685 

8.687944 

1.903090 


.'.  a 

r 

21' 

Eq.  (96) 

a 

r 

21' 

• 
•  • 

00' 

Eq.  (97) 

B'F* 

80 

- 

.01641 

a+  A' 

'42** 

21' 

cos 

.73904 

«  + A' 

'40° 

56' 

COS 

.75545 

&915146 


¥q.  (98)  BOX        1°  25'     .  • .  5X  =  85  ft.  Am, 

Eq.  (99)  POO'  4r  38'  80'  cot  1,1^468  X  80  =  89.97  =  F'B ' 

156*  When  the  tangents  of  a  proposed  road  a?8  to  foe  in 
general  much  longer  than  the  curves,  it  is  desirable  to  estAhr 
lish  the  tangenta  first  in  making  the  location,  and  afterwards 
determine  suitable  curves.  On  the  other  h«Qd,  if  the  curyes 
necessarily  predominate,  they  should  be  first  selected  and 
adjusted  to  the  ground  with  reference  to  grade  and  easy 
alignment,  and  afterwards  joined  by  tangeuts.  In  the  iatter 
case  the  Held  work  cannot  be  successfully  accomplished 
unless  the  location  has  been  previously  worked  out  upon  a 
correct  map  constructed  from  the  preliminary  surveys.  The 
map  iftiould  s^w  contours  of  the  surface,  and  ulso  t^  grad« 
contour,  or  intersection  of  the  surface  and  plane  of  th^  gr^ade. 
In  8ide.hiU  work  the  grade  contour  indicates  fitpproxisQiAtely 
the  degree  and  position  of  tlie  necessary  curves.  Ii»  the  worl( 
of  selecting  proper  curves  up&n  the  map,  temptotji  or 
pattern  curves  are  almost  indispensable.  The  teiQplets  air^ 
cut  to  form  a  series  of  curves,  the  radii  being  taken  from 
Table  IV.  to  a  scale  corresponding  to  the  scale  of  the  map, 
which  ranges  from  400  to  100  feet  per  inch,  according  to  tiie 
difficulty  of  the  location.  The  templets  should  represent 
wwaeniefBJt  curves,  or  those  in  which  the  number  of  minmtM 
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per  station  bear  a  simple  ratio  to  100.  Curves  of  50'  and 
multiples  of  50'  are  most  convenient ;  40'  curves  and  multi- 
ples standing  next  in  order,  and  30'  curves  and  multiples 
next. 

TABLE  OP  CONVENIENT  CURVES. 


a 


!•  40' 


4'» 
6» 


50' 


6»  40' 

7«>  30' 


8« 


ay 

10' 


Vfi  00' 


Ratio  of  Min. 

D. 

to  F«et. 

1:9 

40' 

1:1 

lo  20' 

8:2 

«*>  00' 

«:1 

2«  40' 

5:2 

3«  20^ 

8:1 

4«  00' 

7:2 

4»  40' 

4:1 

5»  20' 

9:2 

6<»  00' 

5:1 

6°  40^ 

11:8 

?•  ay 

8:1 

8°  00' 

Ratio  of  Min, 

D. 

to  Feet. 

2:5 

80' 

4:5 

lo  00' 

8:5 

1°  30' 

8:5 

2°  00' 

2:1 

2«»  80' 

12:6 

8o  00' 

14:5 

3°  30' 

18:5 

40  ay 

18:5 

4°  80' 

4:  1 

5*  00' 

22:5 

6»  30' 

24:5 

6°  00' 

Ratio  of  Mia 
to  Feet. 


8:10 

3:5 

0:10 

6:5 

3:2 


9( 
21: 
12: 
2T: 

3: 
88: 
18: 


5 

10 

6 

10 

1 

10 

5 


After  drawing  the  curves  and  tangents  upon  the  map,  the 
tangent  points  and  central  angles  are  carefully  determined, 
the  latter  being  compared  with  the  lengths  of  the  curves  ob- 
tained by  a  pair  of  stepping  dividers  set  precisely  by  scale  to 
the  length  of  one  station.  Field  notes  are  then  prepared  from 
the  map,  and  if  the  work  has  been  well  done  these  notes  may 
be  followed  in  the  field  with  scarcely  any  alterations. 

No  ordinary  protractor  will  measure  the  angles  closely 
enough  for  this  purpose  ;  it  is  better  to  use  a  radius  as  large 
as  convenient,  of  50  parts.  The  chord  of  any  arc  drawn  with 
this  radius  equals  100  times  the  sine  of  one  half  the  angle 
subtended. 

The  importance  of  having  absolutely  straight-edged  rulers 
in  such  work  is  obvious.  In  case  a  very  long  line  is  to  be 
projected  upon  the  map,  it  is  well  to  use  a  piece  of  fine 
iewing  silk  for  the  purpose.    See  §§  53,  54. 
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CHAPTER  VL 
Compound  Cubves. 

A.  Theory. 

157*  A  compound  curve  consists  of  two  or  more  consecu- 
tive circular  arcs  of  different  radii,  having  their  centres  on 
the  same  side  of  the  curve  ;  hut  any  two  consecutive  arcs 
must  have  a  common  tangent  at  their  meeting  point,  or  their 
radii  at  this  point  must  coincide  in  direction.  The  meeting 
point  is  called  the  point  of  compound  curve,  or  P.C.C, 
Compound  curves  are  employed  to  bring  the  line  of  the  road 
upon  more  favorable  ground  than  could  be  done  by  the  use 
of  any  simple  curve. 

When  a  compound  curve  of  two  arcs  connects  two  tangent 
lines,  the  tangent  points  are  at  unequal  distances  from  the 
intersection  or  vertex,  the  shorter  distance  being  on  the  line 
which  is  tangent  to  the  arc  of  shorter  radius. 

158*  Let  VA,  VB  (Fig.  43)  be  any  two  right  lines  inter- 
secting at  F,  and  let  A  be  the  deflection  angle  between  them. 
Let  A  and  B  be  the  tangent  points  of  a  compound  curve  (  VA 
less  than  VB),  and  let  AP,  PB  be  the  two  arcs  of  the  curve. 
The  centre  Ox  of  the  arc  AP  will  be  found  on  A8,  drawn  per- 
pendicular to  VA  ;  the  centre  Oa  of  the  arc  PB  will  be  found 
on  B8  produced  perpendicular  to  VB\  and  the  angle  ASB 
will  evidently  equal  A.  Join  F5,  and  on  F/9  as  a  diameter 
describe  a  circle ;  it  will  pass  through  the  points  A  and  jB, 
since  the  angles  VAS,  VBS  are  right  angles  in  a  semicircle. 
Draw  the  chord  FQ,  bisecting  the  angle  AVB,  and  join  AQ, 
BQ.  Then  AQy  BQ  are  equal,  since  they  are  chords  subtend- 
ing the  equal  angles  ^FQ,  BVQ.  From  Q  as  a  centre,  and 
with  radius  QA,  describe  a  circle  ;  it  will  cut  the  tangent 
lines  at  A  and  B,  and  also  at  two  other  points  G  and  F,  such 
that  VG  =  VA,  and  Vr=  VB.  Hence  BG  =  AZ  and  the 
parallel  chords  AG,  BY  axe  perpendicular  to  VQ.  Join  AB; 
then  AQB  =  ASB  =  A,  since  both  angles  are  subtended  by 
the  same  chord  AB. 

In  the  triangle  VAB,  the  sum  of  the  angles  at  A  and  B  is 
equal  to  the  exterior  angle  A  between  the  tangents  ;  while 
their  difference  {A  —  B)  is  equal  to  the  angle  at  the  centre  Q 
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subtended  by  the  chord  BG,  which  is  the  difference  of  the 
sides  (VB  —  VA).  For  the  angle  VAB  =  VAG  +  GAB.  and 
Uie  angle  VBA  =  TBT  -  ABT.  But  VA&  =  TBT  and 
GAB  =  ABY,  and  by  aubtraction  TAB  —  VBA  =  2GAB  = 
QQS,  since  ^  is  on  tbe  circumference  and  Q  at  the  centre. 

159.  Theorem.— rA«  eireU  TAQB,  v>hote  centre  it  Q,  it 
lie  locus  of  the  point  ^  compound  curve  P,  whatetor  be  the 
rtlatke  lengtkt  of  the  ara  AP,  PB  oompottng  tbe  curve. 


Od  tbe  circle  TAQB.  and  between  A  and  G,  take  anj  point 
P,  and  on  AS  find  a  centre  0,,  from  which  a  circular  arc  may 
tie  drawn  cutting  the  circle  at  A  and  P ;  also  on  BS  produced 
a  centre  Oi,  from  which  a  circular  arc  may  be  drawn 
cutting  the  circle  at  B  and  P.  Join  PQ.  PO,  and  PO,. 
Kace  when  two  circles  intersect,  the  angles  are  equal  be- 
'•een  radii  drawn  to  the  points  of  intersection,  QPO,=  QAO, 
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and  QPO%  ==  QBO^.  Draw  the  chord  Q8  and  it  subtends  the 
equal  angles  QAOi  =  QBO^.  Hence  QPOi  =  QPQ2  and  the 
radius  POi  coincides  in  direction  with  the  radius  POa,  which 
is  the  condition  essential  to  a  compound  curve. 

Now,  if  we  imagine  another  point  P '  to  be  taken  on  QP  or 
on  QP  produced,  and  the  arcs  AP'  BP\  drawn  from  centres 
found  on  A8  and  BSy  it  is  evident  that  the  equality  of  angles 
found  in  respect  to  P  could  not  exist  in  respect  to  P.  Hence 
the  arcs  would  intersect  in  P'  at  some  angle  OiPO^  and  would 
not  form  a  compound  curve.     Therefore,  Q.  E.  D. 

160.  Theorem. — In  any  compourid  cv/rve  the  radial  Une» 
pa>s8ing  through  the  three  tangerot  points  -4,  P,  and  B  are  aM 
tangent  to  a  circle  having  the  point  Q  for  its  centre,  and  for  its 
diameter  the  difference  of  the  sides  VB  and  VA. 

Draw  the  three  lines  QM,  QN,  QL  perpendicular  to  the 
radial  lines  POa,  A8,  and  POa  respectively.  Then  the  three 
right-angled  triangles  BQN,  PQL,  and  AQM  are  equal,  since 
BQ  =  PQ  =  AQ  =  radius  of  the  circle  AGB,  and  the  angles 
at  P,  P,  and  A  are  equal  by  the  last  theorem.  Hence  QM=z 
QL  =  QNj  and  if  a  circle  be  described  with  this  radius  about 
Q,  the  three  lines  POa,  POa,  and -40i  produced  will  be  tan- 
gent to  it.  Draw  Ql  perpendicular  to  VB\  it  will  bisect  the 
chord  OB  in  /;  and  QN  =  BI  =  ^BG.  Hence  the  diameter 
2QN=  BG  =  VB  —  VA\  which  was  to  be  proved. 

CoroUary  1.  The  compound  curve  intersects  the  circle  AOB 
in  the  point  P,  at  an  angle  equal  to  half  the  difference  of  the 
angles  VAB,  VBA.  For  QPL=  QBN=  BQI  =  \BQQ,  The 
arc  AP  is  exterior,  and  the  arc  PB  interior  to  the  circle 
AGB, 

Cor.  3.  Since  both  centres  are  on  the  line  PL,  the  position 
of  the  point  P  fixes  the  lengths  of  the  radii  of  a  compound 
curve.  As  P  is  moved  toward  G  both  radii  are  increased, 
until  when  P  reaches  G,  AOi  becomes  AK,  a  maximum,  while 
BOi  becomes  infinite.  As  P  moves  toward  A  both  radii  are 
diminished,  but  the  least  value  of  the  arc  AP  depends  upon 
the  least  radius  allowed  on  the  road.  If  in  the  diagram  we 
make  AOi  equal  to  the  least  radius  allowed,  a  right  line  drawn 
through  the  point  Oi  tangent  to  the  circle  LMN  fixes  the 
corresponding  minimum  value  of  the  arc  AP,  and  also  of 
the  radius  B0%  for  given  values  of  VA,  VB,  and  a.     Be- 
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twcen  these  lunits  any  desired  values  of  the  radii  may  be  em> 
ployed. 

Cot,  3.  In  the  triangle  80\  Oa,  the  sum  of  the  two  central 
angles  -40iPand  PO%B  is  equal  to  the  exterior  angle  A8B  = 
A ;  consequently,  as  the  central  angle  of  one  arc  is  increased 
by  any  change  in  the  position  of  the  point  P,  the  central 
angle  of  the  other  will  be  diminished  an  equal  amount.      * 

Cor.  4  Only  one  value  of  the  angle  AOxP  is  consistent  with 
a  given  value  of  the  radius  AOu  since  both  depend  on  the 
variable  position  of  the  line  PL\  and  for  the  same  reason  only 
one  value  of  the  angle  BO^P  is  consistent  with  a  given  value 
of  the  radius  BO^.  Hence  only  one  radius  or  one  central 
angle  can  be  assumed  at  pleasure,  the  remaining  parts  being 
deducible  therefrom  in  terms  of  the  sides  VA,  VB,  and  the 
angle  A. 

B.  General  Equations. 

161.  Let  ^i  =  the  side  YA,    8^  =  the  side  VB 
Let  Bi  =  the  radius  AOi  B^  =  the  radius  BO^ 

"    X  =  diff-  y^^  -  y^^>         ^  =  tlie  sum  VAB+  VBA 
"  Ai  =  central  angle  AdP,     Aa  =  central  angle  BO^P. 

In  the  triangle  BQI,  cot  BQI  =  ^.    But  IQ  =  VI  X 
coiIQV=i{82  +  Si)cotiA,SLndBI=US2-Si). 

cotir  =  ^-#cotiA  (100) 

Oa  —  ^1 

By  Cor.  3,  Ai  +  Aa  =  A  (101) 

In  the  triangle  AQM,  Ad  =  AM-  Md.  But  AM  = 
MQ  cot  ir»  a>id  ^Oi  =  MQ  cot  i  Ai. 

Bi=  USi  -  8i)  (cot  ir  -  cot  i  A  i) ) 

[         (103) 
Similarly,      A  =  K^a  -  8i)  (cot  ir  +  cot  iAa) ) 

Subtracting, 

^  -  JS,  =  i(i^a  -  ^i)  (cot  iAa  +  COt  | Ai)       (108) 
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cot  jAi  =  cot  i;r  — 


Br 


From  (102), 


cot  ^Aa  = 


-Ba 


K^a  -  8r) 


i(^  -  8r) 

—  cot  J;^ 


(104, 


In  the  triangle  ABG, 


BG  = 


AB  sin  BAG 

sin  AGV 


or 


(105) 


by  which  we  find  ^S^  —  Si\  when,  instead  of  the  sides  and 
A,  we  have  given  AB,  and  the  angles  VAB  and  VBA, 


From  (103),    V^S^^Si)- 


x?a  —  B\ 


cot  jAa  +  COt  JAi 


(106) 


cot  ir  = 


iJi 


From  (102), 


*^=i(^-=^  +  "^**^* 


cot  J^;r  = 


Bm 


i(^  -  iSi) 


—  cot  ^  As 


ao7) 


From(100\     0//^,  +  ^0  =  *^^' '^J^'^''^ *^  a08) 

i^a  and  /Si  are  found  by  adding  and  subtracting  the  values 
found  by  eqs.  (106),  (108). 


From  (105),         ^AB  =  i<^^ij?i-^. 


(109) 


which  may  be  used  instead  of  (108)  when  the  sides  are  not  re- 
quired.    VAB  =  K  A  +  r )  and  VBA  =  4(  A  -  y)- 

162.  Given :  the  sides  VA  =  Si  and  VB  =  8t  and  ths 
angle  A;  assuming  the  shorter  radius  Bu  to  find  Ai,  At» 
and  B%. 

Use  equations  (100),  (104),  (101),  (102),  and  (18). 

.Emmpfe.— Let  VA  =  1899.90,  VB  -  1091.12,  A  =  74",  and 
assume  Bx  =  955.87. 
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(100)  K^,  4-  Si)  1495.51  log  3.174789 

KSa-iSO    404.39  "    2.606800 


(104)  %  (D  =  6") 


.'.     jAi 
(101)  i  A 

.'.  4a» 
ao2)i:K 

K-^- 

Si) 

-•.  i?.  (D 

=  1" 

40') 

37" 

01' 

.5  cot  4.90769 
2.36249 

cot 

<< 

(( 

(( 

n 
tt 

tt 

tt 

tt 

0.567989 
0.122886 

11"  81' 

0.690875 
2.980170 
2.606800 

0.373870 

21"  27' 
87" 

cot  2.54520 

"  3.59370 
"  4.90769 

15"  33' 

8.50139 

0.929490 
2.606800 

3.536290 
(18)  .-.  A,  =  42"  54',  Xi  =  715;  A«  =  31"  06',  £,  =  1866. 

163.  Given:  ihe  Une  AB,  and,  the  angles  VAB,  VBA; 
assuming  the  longer  radius  B^,  to  find  A  a,  Ai,  arid  Bi. 

Mnample.— Let  AB  =  2437.82,  VAB  =  48"  31',  VBA  =  25"  29', 
and  assume  B^  =  3437.87. 

(105)  iAB  1218.91  log  3.085972 

^y  11"  31'  sin  "    9.300276 


4A 
(104) 


(104)  A 


.*.     iA« 

(101)  i  A 

•  "•      iAi 
1102)  ir 


37" 

it 

8.50166 
cot  4.90785 

tt 
tt 

tt 
tt 

log 

2.886248 
9.779463 

2.606785 
8.586289 

11"  31' 

0.929504 

15"  83' 
87" 

cot  3.59381 

cot  2.54516 
"  4.90785 

21"  27' 

2.86269 

0.378407 
2.606785 

«5,  -  so 

Jtx    (Z>  =  6°)  2.980192 
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164.  Usually  a  compound  curve  is  fitted  by  trial  to  tbe 
shape  of  tlie  ground,  after  which  it  may  be  desirable  to 
calculate  the  sides  YA,  VB,  or  the  line  AB,  and  the  angles 
VAB,  VBA, 

Example, — From  the  point  of  curve  A,  a  6°  curve  is  run 
715  feet  to  the  P.  G.  G.\  thence  a  1"  40'  curve  is  run  1866  feel 
to  the  P.T.  Required y  the  sides  VA,  VB,  and  the  line  AB, 
and  angles  VAB,  VBA,  Here  R^  =  955.37,  Ai  =  42°  54', 
i2a=  3437.87,  Aa=^8r06'. 


(106)  iJa  -  Ri    2482.50  log  3.394889 

iAi  21°  27'        cot  2.54516 


iA,  15°  33'  **  3.59370 


6.13886 

.-.     KiS,  -  ^i)  404.39 
(107)  R^ 

iA,                         21°  27' 

2.36248 

cot  2.54516 

(< 


t( 


0.788088 


2.606801 
"    2.980170 


(( 


0.873369 


.-.     iy  11°  31'  01'.7  *'  4.90764       "    0.690878 

(108)  aSi  -  S^)  3.606801 


ti 


3.297674 
iA  37°  cot  "    0.122886 


VAB 

VBA 

a09)  i(8^  -  SO 

1495.51 
1899.90 
1091.12 

48°  31' 
25°  29' 

87° 

ir 

11°  31'  01'.7 

AB 

1218.91 
2437.82 

«t 


3.174788 


"    2.606801 
sin  **    9.779463 


2.886264 
sin  "    9.300294 


<( 


a 085070 


165*  Given :  the  radii  i?,,  R^,  the  angle  a,  and  one  side, 
YA,  or  VB,  to  find  the  other  side  and  the  central  angles  a  i, 
Ab.    Fig.  43. 
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In  the  triangle  AMQ^  Ad  ^  AM  -  MOi  ==:  IQ  -  MQ  cot 
MOiQ;  or 

i?i  =  i{S^  +  Si)  cot  iA  -  i{Si  -Si)  cot  iAi 
whence 

aSi  +  8i)  =  i{Si  — iSi)_cot  i  A,  tan  i  A  +  i2i  tan  iA 

By  eq.  (106) 

Slu  "J  A 

Substituting  this  above,  subtracting  and  reducing  ^ 


8,  =  (JJa  -  Bx)  sin  i A>  il?^^^ ^  +  iJ,  tan  JA 

'2'Sin  A 


But  ^A  —  Ai)  ^  iAa  and  2  sin'  iAa  =  vers  A  a,  wlience 


^       (i2a  —  El)  vers    A  a  +  -Bi  vers  A  .. .  ^. 

Cii  =  — — — — : U-lv) 

sm  A  ^ 


TraoBposing, 


*Si  sin  A  —  i2i  vers  A  ,.^^. 

vers  A  a  = D T? v^^^) 

Ola  —  -^1 


Similarly,  from  the  triangle  BQOt 

Bi  =  USii+  8i)  cot  i  A  +  K/^a  -  iS^i)  cot  iAa 

from  which  and  eq.  (106)  we  derive 


and 


S  —  ^  ^^"^  A  —  (iZa  —  R\)  vers  Ai  ^^^ 

^  ~  sin  A 


5a  vers  A  —  >Sa  sin  A  _,-«. 

vers  Ai  —  - — T5 5 ^  (lie) 

Jla  —  -til 
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Example.'-QiYeD.  :  VA  =  8^  =:  1091.12,  A  =  74",   and  th^ 
radii  Ri  =  955.37,  B^  =  3437.87,  to  find  Ai,  A  a,  and  /S,. 


(Ill)  Si 

A 


1091.12 


74* 


log  3.037873 
sin  *•    9.982842 


Ml 

A 

74'' 
3r06' 

1048.85 
692.03 

vers 

vers 
« 

vers 
sin 

• 

3.020715 
2.980170 
9.859956 

2.840126 

Ri-Bi  2482.50 

356.82 

663.96 
2490.26 

2.552449 
3.394889 

Aa 

9.157560 

Ai 
(112)  iJa  -  E, 

i2''54' 

9.427254 
3.394889 

R, 

A 

2.822143 
3.536289 
9.859956 

3.396245 

A 

1826.30 

3.261572 
9.982842 

s^ 


1899.90 


it 


3.278730 


166.  Given  :  one  side,  and  the  radius  and  central  anffle  of 
the  a^djacent  arc,  to  find  th^  other  radiums  and  side. 
From  eqs.  (Ill),  (113)  we  have 


jBa  —  -^1  = 


^a  ~~  Ri 


8i  sin  A  —  Ri  vers  A    ' 
vers  A  a 

i?8  vers  A  —  8q  sin  A 
vers  Ai 


ai4. 


by  one  of  which  the  required  radius  may  be  found ;  the  required 

side  is  then  found  by  eq.  (110)  or  (112),  as  in  the  last  problem. 

Examptc—Qiven  :  FA  =Si  =  1091.12  A  =  74%  Bi  =955.87 

and  Ai  =  42^*54';  to  find  B-^        A,  =  74**  «  42"  54'  =  W*  (XT, 
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Ill 


ai4)A  1001.13 

A  74' 


A 


955.87 


.-.  i?,  -  Hi  2482.52 
.'.  Ht  3437.89 


74' 


log    8.037878 
sin  9.982842 


<( 


1048.85  " 


3.020715 


2.980170 
"  vers  9.859956 


692.03 


it 


2.840126 


81*06 


856.82  "     2.552449 
'*  vers  9.157556 


« 


8.394393 


Fio.44. 

Otherwise :  Pig.  44  If  convenient  in  the  field,  a  tan- 
gent PFa  may  be  run  from  the  point  P  to  intersect  the 
farther  tangent.  The  distance  PFa  multiplied  by  cot  iAa 
will  equal  the  radius  R^  by  eq.  (25). 

167.  Bemarks.-^lt  the  first  arc  AP  be  produced  to  /7, 
Fig.  44,  so  that  AOiG  =  A,  then  G  is  the  tangent  point  of  a 
tan^nt  parallel  to  VB,  and  by  §137,  the  tangent  point  B  must 
be  on  the  line  PG  produced.  Conversely,  if  the  point  B  is 
assamed,  and  the  arc  AG  given,  the  point  P  must  be  on 
the  line  BG  produced.    The  radius  Et  may  be  found  by 
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jj,  -s^^J^f- — ^  BP  being  measured  on  the  ground  ;  or  by 
2  sm  -(As 

similar  triangles  R9  :  Rt  ::  BP  :  OP. 

The  distance   VD,  Fig.  43,  from  the  vertex  to  the  circle 

AQB  is  expressed  by  the  formula 

VD  =  5i  cos  I  (tan  |  -  tan  ^^-^)  (115) 

ff  the  povrU  P  faXis  at  D,  then  YD  is  also  the  distance  of  the 
curve  from  the  vertex  measured  on  the  line  FQ.  But  when 
P  falls  at  2>,  the  radius  POa  is  perpendicular  to  the  line  AB, 
and  A I  =  VAB,  and  Aa  =  YBA.  When  Ai  is  greater  than 
VAB,  the  arc  AP,  being  exterior  to  the  circle,  cuts  the  line 
yD\  but  when  Ai  is  less  than  YAB,  the  arc  PB  cuts  the  line 

If  the  line  O^P  prodtteed  pastes  through  Y,  we  have 

sin  QYL  =  ^^sin  | A  (116) 

^2 +  01 

giving  Ai  =  iA  +  QYL  and  Aa  •=  i A  —  QYL, 

When  Ai  is  greater  than  this,  we  have  for  the  external 
distance  of  the  vertex 

JBi  =  Bi  ex  sec  AOiY 

in  which  the  angle  AOiYis  found  by  the  formula  cot  ^Oi  F= 

— -f  and  El  is  measured  on  a  line  FOi,  making  the  angle 
Si 

AYOi  =  90"  -  AOxY 

When  A I  is  less  than  (i  A  +  Q  YL\  we  have  similar  expres- 
sions with  respect  to  the  arc  BP  and  centre  0». 


168.  To  locate  a  compound  curve  when  the  point  of  com- 
pound curve  vi  inaccessible.    Fig.  45. 

Each  arc  being  in  itself  a  simple  curve  is  located  as  such. 
When  the  P.C.C.  is  accessible,  the  transit  is  placed  over  it, 
and  the  direction  of  the  common  tangent  found,  from  which 
the  second  arc  is  then  located. 

When  the  PC.G.  is  not  accessible,  the  common  tangent 
Ft  Ft  may  be  found  by  locating  the  points  Vi  and  Fs,  which 
may  be  easily  done,  since  ViJ*  ^  YtP=  i?i  tan  ^Ai,  and 
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VoB  =  FaP  =  Ri  tan  i  Aa,  from  which  each  arc  may  then 
be  located  by  offsets  or  otherwise,  as  m  the  case  of  sunple 
curves. 

Should  the  points  Vi  Fa  be  obstructed,  the  common  tangent 
may  be  found  by  an  offset  MG  =  LP  from  any  convenient 
point  B,  for  knowing  the  angle  MOiP,  we  have  HG  =  i?, 
vers  ROiP,  and  GP  r=  Bx  sin  BOiP. 

If  the  entire  tangent  Vi  Fa  is  too  much  obstructed  for  use, 
the  parallel  line  HK  may  be  employed,  observing  that  the 

angle  PO^K  is  found  by  vers  PO^K  =  :^,  and  the  distance 

LKhy  LK=  B^  sin  PO^K,  by  which  a  point  K  on  the  second 
arc  is  found  having  a  tangent  offset  KJ  =  EG. 


Fxo.  4K. 


Fio.  46. 


Should  the  line  HK  be  also  obstructed,  we  may  run  the  in- 
verted curve  HP'  =  HP  and  P'Kz=z  PR  to  find  the  point  K 
from  which  so  much  of  the  second  arc  as  is  accessible  may  be 
located. 


C.  Special  Problems  in  Com/pound  Curves, 

169.  Given:  a  compound  curve  ending  in  a  tangent;  to 
chang^e  the  P.C.C.  so  that  the  curve  may  end  in  a  given 
parallel  tangent*    Fig.  46. 
Let  APB  be  the  given  curve  ending  in  YB, 
V'B  he  the  given  parallel  tangent, 
P  =  perpendicular  distance  between  tangents. 
It  is  required  to  change  the  point  P,  and  with  it  the  values 
of  A 1  and  A  a,  so  that  with  the  same  radii  Rx  and  R^  the  new 
curve  APB  may  end  ijai  the  parallel  tangent  V'B. 


<c 


« 


( 
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a.  When  m  tangent  TB'  U  inside  of  VB  - 
and  in  the  diagram  draw  n  ry  rJ.     ^      .         -^O^B 

GO, = 0.0,  c:sZX,~%^^^T'  lt^2 

Whence  "P^^^' "^O  (cos  a,' -  cos  a,) 

^^^^''^i^^  +  ^'o^^*  (117) 

POiP'  =  (A,  -  ., ,')  and  the  point  Pis  advaneecL 
b.  When  m  UmgeiU  VB'  is  outside  qf  VB.- 

P  =  (B,  —B,)  (cos  A,  -  cos  Ai'l 
whence  ' 

cos  A,' =  cos  A, -^^  ai8) 

a^c 'Ipliii'ni^el'^ '''"  "^^  ^'"^^  -P  «  «-«.  5a.*  and  t. 


Fro.  47. 


/n  c<w^  the  curve  teriniiiii.tA«  w«^i«  /x  ^    , 

radius,  ^  i?,  /.  Jf  r  F^g  47  ^  "''  '"^  ^"^^^^^ 

c.  When  VB  is  inside  ^/  VB:' 

P=(^-  i?i)  (cos  Ai  ~  cos  Aj") 

COS  A/  =  COS  Ax  -  -=,   ^       ,  niO 

PO^'  :=  (A»'  -  a.)  and  the  point  P  is  moved  back. 


wJience 
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d,  Wh^  V'B'  is  outside  ofVB: 

p  =  (Mi  —  Bi)  (cos  A  i'  —  cos  A  i) 


whence 


cos  Ai'  =COS  Ai  +  p         p  (120) 

Xla  —  -til 


POiP'  ={Ai  —  Ai')  and  the  point  P  is  advanced. 

Emmpl€,'—Lei  E  =  2292.01,  Bi  =  1482.69,  A.  =  28',  and 
p  z=  20.07  inside  of  VB ;  case  a. 

p            20.07  log  1.802547 

(117)  i?>  -  Bi    869.82  "    2.934155 

.0288'>6  «*    8.368892 
A  a                            28*          cos  .882^^ 

.-.     A'.  25^  "  .906306 

.-.    POiP'  3° 

170.  Gfiven:  a  compound  curve  terminating  in  a  tangent, 
to  changre  the  P.C.C*  and  also  the  last  radius,  so  that  the 
curve  shall  end  in  a  parallel  tang^ent  at  a  point  on  the 
^ame  radial  line  as  before.    Fig.  48. 


Fio.  48. 

Let  APB  be  the  given  curve  ending  in  the  tangent  YB;  let 
V'B'  be  the  given  parallel  tangent;  and  let  p  =  BB'  =  HI=^ 
the  perpendicular  distance  between  tangents. 

It  is  required  to  change  the  point  P  to  P',  and  also  the 
value  of  i2a  to  B^\  so  that  the  new  curve  may  end  in  V'B'  at 
B'  inside  of  VB  on  the  same  radial  line  BO^. 

In  the  diagram  produce  the  arc  AP  to  G^  to  meet  Oi  G 
drawn  parallel  to  O^B;  then  POiG  =  A  a.  Draw  the  chord 
PB,  and  it  will  pass  through  G.    Lay  off  the  distance  p  from 
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Bon  BOi  to  find  B';  drawB'Q'  and  jwoducc  it  to  intersect 
the  arc  APG  in  P\  ThenP'  is  the  RG.C.  required.  Join 
P '  Oi  and  produce  it  to  meet  BOi  produced  in  0%,  Then 
P'0%  =  B'O^'  =  R^  the  new  radius,  with  which  describe  the 
arcP'5'. 

By  Geom.  Tab.  I.  18 : 

PBV  ^  IP09B=:^A2,  and  OB'V  =iP'0^  =  ^Ai'. 

POP'=BQB'  -  K  As  -  Aa') 

Draw  OiK  perpendicular  to  BO^. 

Then  O^K  =  B'H^BI=  OiOjsin  Aa  =  (i?a  -  Ri)  sin  A« 

.      ,  QI        ^      ,      ,      GH      GI-P 

tan  i  Aa  =  ^^        tan  i  Aa  =  wra= 


BI        -"»"-      B'E        B'H 

In  the  triangle  O^OM 

sin  Aa'  :  sin  Aa ::  0x0%  :  OiO,'  :;  (5,  -  i?,)  :  (Bt'  -  JB,) 

i?a'  —  -"1  =  — ^^^- — r  (-^a  —  -Ri) 
Sin  A  a 

^^  sin  A. 

i?a'  =  (i2.  -  ^0^1^  +  i?i  (132) 

/jT  B  V  were  outside  of  VB; 

tan  i  Aa'  =  tan  i  Aa  +  (^^_|^)3^^^,  (123) 

sin  A  a 

When  ihe  smaller  radius  Ri  foUom  R%\  If  tJie  gitien 
tangent  B'V  is  inside  ofBV.    Fig.  49. 


taniA.'  =  taniA.  +  ^^^--|-^^^        (IM) 


B.' =  A  -  (B.  -  B.)  1^  (125) 


coirPouKB  otJRVAS. 


iir 


ffBV  is  outside  ofBV: 
taniAi*  ^  tanlAi  — 


P 


J8i'  =  iJa  -  (fi,  -  i^i) 


(1?2  --JBi>Bin  At 
sin  Ai 


sin  Ai' 


Example  \,—Mg.  48. 
Let  i2»  ai  «B02.01 


Fig.  49. 


p  t=  90.07  «»A*J1^. 

Attt28" 


(126) 
(135) 


(121)  B^--R,= 
Aa 

859.32 

20.07 

.04075 
«24988 

28° 

irir 

82*84' 

28° 

log  2.934155 
log  sin  9.671609 

i> 

2.605764 
1.802547 

taniAa 

8.696783 

.-.  taniAa' 

(122)             A  a' 
(i?s  -  i?i) 

.19958 

1051.25 
1432.69 

sin  9.584058 
2.934155 

Aa 

8.350097 
sin  9.671609 

(B^'  -  ^i) 

3.021706 

An$.       jfc'       2483.94  . •.  D  =  2*  18' 25" 

PO^P  =  W^  2$°  34'  :ss  5°  26'  .  *.  PP'  =s  188.88  ft. 
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Excmple  2,^Mg.  49. 

Let  Bi  =  2292.01 
Bi  =  1432.69 


p  =  20.07  inaide. 
Ai 


46** 


24)  ft  -.  i?i 

Ai 

859.32 

20.07 

.03247 
.42447 

46'* 

23' 
24' 331' 

49°  or 

46** 

log  2.934155 
log  sin  9.850934 

P 

2.791089 
1.302647 

taniAi 

8.511458 

.-.  taniAi' 

.*.   Ai' 

ft -ft 

.45694 

.  817.60 
2292.01 

log  sin  9.878647 
2.934155 

Ai 

3.055608 
log  sin  9.856984 

ft 

2.912542 

Atu.       ft'  =  1474.41  .  •.  2)  =  3'  53'  12* 

PO^P'  ==  Ai' -  Ai  =3°0r  .-.  arc PP'  =^!^^  =  124.67ft. 

Observe  that  in  either  figure  both  tangents  must  be  on  the 
same  side  of  the  point  Q,  in  order  to  a  solution. 


Fio.  50. 


171*  Qi/cen:  a  compound  curve  ending  in  a  tangent,  to 
change^  the  last  radius  and  also  the  position  of  the  P.C.C., 
io  (hat  the  curve  may  find  in  t^ie  ^ame  taDgr^Hit*    Fig.  50. 
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I.  When  the  imrve  ends  with  the  greater  radius  A. 

Let  APB  be  the  compound  curve  in  wMch  Bt  Bt  Ai  and 
As  are  known. 

In  the  diagram  draw  the  chord  PB  and  produce  the  fir&t 
arc  AP  to  meet  it  in  G;  draw  OiO,  and  produce  it  to  meet  the 
tangent  in  K.  Then  by  §  137  OiKis  parallel  to  Oa-B,  and  by 
eq.  (57) 

QK={B9-  Bi)  vers  a,  (127) 

ff  toe  assume  P'  as  the  new  P.  C.  (7.,  we  have  a  «'=  P'0^'B\ 
and  the  chord  P '(7  produced  will  intersect  the  tangent  at  the 
new  point  of  tangent  B^,  and  BO^'  ^  B^',  Similar  to  eq.  (127) 
"we  have 

OK  =  (ifti'  -  Bi)  vers  a,' 

and  equating  the  two  expressions,  we  obtain 

'  vers  Aa  'vers  Aa      ^     ' 

fftoe  assume  Bal  we  have 

,       Bi  —  Bi  QK  ^AAv 

vers  A.'  =  ^  _  ^^    vers  Aa  =  j^._^         (129) 

In  the  two  right-angled  triangles  BKO  and  BKG,  we  have 

P^=:  ^JTcotiAa 

^X=  G^JTcotiA,' 
and  by  subtraction, 

BR  =  GK{co%  i Aa'  -  cot  i Aj)  (180) 

in  which  G^JTis  obtained  from  eq.  (127). 

When  BB  as  given  by  eq.  (130)  is  negative^  the  point  B*  falls 
between  -B  and  V. 

If  we  assume  the  distance  BB'  on  the  tangent,  we  have 
from  the  last  equation,' 

BB* 

cot  iAa'  =  cot  iAa  ±  ^gr  (131) 
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GK  beiog  obtained  ttom  oq.  (127)  i»d  B%  itook  eq.  <198).    In 

«^  (181}usethe+ttgawJMa^'ifibejiiDd£«sintlieF^.  50. 
II.  FA^n  the  ffiven  curve  ends  with  the  smaller  Tftdius 


We  have  by  a  similar  reasoning 

GK  =  (i?«  -  iJi)  vers  Ai  (132) 

vers  Ai  vers  Ai  ^ 

^«"  ^'  =  :«rr^*  WW  A,  =  .^^^^    (134) 

BB  =  OK(cot  i A,  -  cot  iA.)  (135) 

C0tiAi'=r«C»4Ai  i-g^  (136) 

using  the  —  si^  when  W  is  t)e7ond  B. 

Hxample. — Fiff.  51. 

liet  B,  =182»2.01,  iJ,  =  1432.69,  Ai  =  46*,  and  let  the 
P.aC.  be  moved  back  200  feet  from  Pto  P';  hence  PO^'r  = 
5°  and  Ai'  =  51°;  to  find  the  new  radius  Bi  and  the  distance 
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Eq.  (182)  B^  -  Bi    859.82  log         afiQ4165 

Ai  46'  "    vers  9.484786 


.-.  QK 
eq.  (133)  A/ 

log 

707.85 
2292.01 

2.418941 
ters  9  ^68999 

B^ 

2.849942 

eq.  (188)  QK 

COtiAi 
COtiAi' 

168116  nod  2>  :r  8*  8r 

log 

2.85585         28' 
2.09654         25'  80' 

&418M1 

0.25931                           log 

9.418819 

.\BB         68.04  1.882760 

172.  Oivm :  a  compound  en/ne  endinff  in  a  tangent,  the  lait 
radius  being  the  greater,  to  change  the  last  radius  and 
aUo  the  position  of  the  P.C*C.  so  thont  the  curve  may  end  at  the 
same  tangent  pointy  hut  with  a  given  difference  in  the 
direction  qfihe  tangerU.    Fig.  52. 


Let  APB  be  the  given  compound  curve,  POt  =  i^i  and 
POt  =  -B.  >  i?i. 

Let7'.Bbe  the  new  tangent,  and  the  angle  VBV  ^i,  the 
^ven  difference  in  direction :  to  find  B0%  =  B^',  BO%P'  9 
u%  «&d  the  angle  POxP\ 


L 
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We  have 

jBOa  -  OxOt  =  i^a  -  CBa  -  iJi)  =  -Ri 

Prom  which  we  see  that  whatever  may  be  the  value  of  the 
new  radius,  the.  difference  of  the  distances  from  B  and  Oi  to 
the  new  centre  is  constant,  and  equal  to  Bi,  We  therefore 
oonclude  that  the  centres  Oa  and  0^'  are  on  an  hyperbola  of 
which  B  and  Oi  are  the  foci,  and  ^i  the  major  axis. 

This  suggests  an  easy  graphical  method  of  solving  the 
problem. 

Through  B  draw  a  line  perpendicular  to  the  new  tangent 
V'B  which  will  give  the  direction  of  the  required  centre  0%\ 
On  this  line  lay  off  j?^' equal  to  Bu  and  since  {B^'  —  Bi)  = 
0x0%  =  K0%\  if  we  join  KOu  the  triangle  KO%Ox  is  isosceles; 
therefore  bisect  KOi  and  erect  a  perpendicular  from  the  mid- 
dle point  to  intersect  the  line  BK  produced  in  Oa'.  Draw  OiOx 
and  produce  it  to  intersect  the  arc  AB  (produced  if  necessary) 
in  P'.  Then  P'  is  the  new  B^CC,  required,  and  BO^  = 
P'Oa'  =  -Ba',  the  new  radius. 

The  analytical  solution  is  as  follows : 
Adopting  the  usual  notation  of  the  hyperbola 

Let  2a  =  Bx    =  the  major  axis, 
*'  2c  =  BO  I  =  the  distance  between  foci. 

Produce  the  arc  AP  and  through  B  draw  the  tangent  Bff, 
and  Join  HOx  =  Bx.    Then  m  the  righ^angled  triangle  BHOt 

BH*  =  BOx^  -  Bx^  =  4c«  -  4a» 

Now  by  Anal,  (leom.,  c«  —  a*  =  6*. 
Therefore  2b  =  Bff  =  the  minor  axis. 
Draw  the  chord  PB  and  produce  the  arc  AP  to  cut  it  in  O. 
Then  by  Geom.  (Table  I.  24) 

BE*  =FBx  GB  =  2Bt  sin  i A,  X  2( A  -  jBi)  sm  i  a, 

.-.  j?^  =  2  sm  i A«  V^TcS,  -  Bx)  (187)'. 
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Let  a  =  the  angle  HOiB,  then 

tana  =  -^  and  BOi  =  -^  a38) 

Bi  cos  a 

In  the  triangle  BOiO^  let  OiBQ^  =  fi  ;  then 

8in/g=  ^^'^^  sin  A,  aSd) 

The  polar  equation  of  the  hyperbola  for  the  branch  lOM, 
taking  the  pole  at  B  and  estimating  the  variable  angle  v  from 
the  line  BOu  is 

r  = 


e .  cos  «  —  <» 


When  fj  =  /S  ±  i,  r  =  B^,  and  substituting  the  values  of 
d,  &,  and  6  found  above,  we  have 

^'  =  2  (50,  cos  (/?  ±  t)  -  -Bi)  ^^^^ 

using  (>5  + 1)  when  V  falls  between  F  and  .^,  as  in  the 
figure,  and  (/?  —  »)  when  V  falls  beyond  F. 
In  the  triangle  BOM,  the  angle  BO%Oi  =  As'  and. 

Bin  A.'  =  ^_^^  sin  (/J  ±  t)  (141) 

PinaUy 

POiP'  =  A,  -  (A.'  ±  t)  a42) 

.Btfwwwfc— When  F'  falls  between  Fand  A,  as  In  Pig.  62,  if 
the  angle  i  be  greater  than  the  angle  VBHy  the  curve  ceases  to 
be  a  compound,  and  becomes  reversed.  Therefore  VBH  = 
a  —  fits  the  maximum  value  of  t  possible  in  this  case.  When 
V*  falls  beyond  F,  the  point  P'  will  fall  between  Pand  A\ 
and  the  largest  possible  value  of  i  will  then  be  that  which 
renders  POiP'=  Ai,  and  makes  the  point  P'  coincide  with  JL 
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»o 


mmnple.—Fig.  52.    Let  ij,  ;ce  X^^M  Ai  3«  81' 

*  =  6°        jBa  =  2292.01  Ag  =  56' 

(137)  22,  -  12,      850.32  log  2.934155 

i2a    2292.01  3.360217 

2 )  6.294372 

9.147186 

iA.  28*  log  sin  9.671609 

2  0.301030 


^^  3.119825 

(138)  Bi    1432.69  8.156151 

<^  4d°3l'^\7  log  l«a  9.099674 

a  42'  36'  SS'.T  log  cos  9.866989 

J?Oi  &d89M£ 

(139)  22,  -  22i  2.934156 

9.644893 
A«  Wr  log  sin  9.918574 

;:•  ^  ,fi,  3r28'06'.3  k)g  sin  ^563467 

(1^      P-X-t  2r28'06'.3  log  cos  ^.948053 

^Oi  9.98»2§Si 

„     1727.09  8.237315 

JSi    1432.69 

294.40  X  2  =  588.80  2.769968 

S^  6.289650 

22,'    2049.05  8.4606^ 

(141)  .-.  A,^  =  8ri8'«6' 

(142)  .-.  POiP'  =  13°  41'  04'  =  842.3  feet. 

Bemark— This  problem  may  also  be  solved  by  first  finding 
the  new  sides  V'A,  V'B,  from  which  and  the  new  oentf«l 
angle  (a  ±  0,  and  the  radius  22i,  may  be  found  Ai',  a,',  and 
B%\  «•  in  §  162.  The  narw  skies  are  temiily  fomnd  from  the 
old  ones  by  solving  the  triangle  VBV.  If  the  original  sides 
«re not  gtvoii,  4hey  Bftvist  be  cakulated  asla§  104. 

ITS.  ^ifi9em,:  ^  cam^mina  mrw  mding  tn  «  Uu^imk  H^ 
iaMTHdimheif^tkehmB^-t^cheni^eike  Ifuai^  radios  (md  tke 

tmngemt  ^oimi^^  imt  wMh  «  fgiweu  ^ifftrmmte  4n  41* 
dUvMAiM  ^  tmgmt.    Fig.  00. 


Ri  <  ^2.     Let  Y'Bh^  tjie  iipiy  tangent,  an^  YBV  =  i,  the 
given  angle;  to  find  BO^'  =  Bi\  BOi'P'  =  A/,  and  POuP'. 
We  have 

BO,  +  0,0^  =  i?i  +  (i2a  -  i?i)  =  52 
BOi'  +  Oi'O^  =  JBx'  +  (/?,  -  i?/)  =  i2a 

ff^fla  fvlji^h  we  iftfej:  ftiftt  ih^  Ippiis  pf  tfee  iS^^rp  0/  is  a^ 
eUipse,  of  which  J9  and  Oa  are  the  foci,  a^d  i^y  t^e  i^aajor  s^is. 


Fio.  68, 

since  the  sum  of  the  distances  BOi'  and  Os^i'  is  alw3.ys  equal 
to  Bi. 

TM^  §M9SSlSi  m  (mf  SWS^Vbi&^l  fiK>luti»n  of  t|^e  §|rol7- 
blem,  as  follows  : 

Perpendicular  to  V'B  draw  the  indefinite  line  BK,  which 
wi|i  i^^ntain  the  required  centre  O/,  iin4  Jay  off  BK  =  R^. 
Join  jff'Oa,  bisect  It,  and  from  the  middle  point  erect  a  perpen- 
d^M)^  tQ  }n4i§r^c|  S^  ig  0,'.  Jpir^  Oa<9i',  m^  i^xoiv^  the 
line  to  intersect  the  arc  AP  {prq4ijC6d  if  npp^ssary)  'm  P\ 
wW*  is  fte  ^^yr  P,0.0,  requif-ed.  P'O,'  ==  m^'  =  /?i',  l^ie 
required  radius,  and  P'Oi'^  rr  Aj', 

The  analytical  solution  is  as  follows  :  Adopting  the 
usiiw4  notation  of  the  ^1)1^, 

let  2a  =  i?a    =  the  major  axis, 

*'  2<J  =  BO2  =  the  distance  between  foci. 
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(produced  if  necessary)  in  H,  and  join  HOy  =  iSs.     Then 
Bm  =  i2,«  -  ^Oa«  =  4a«  -  46* 

but  by  Anal.  Qeom.,  a«  —  c*  =  bK 

Hence  2b  =  BR  =  the  minor  axis. 

In  the  triangle  BO^Oi  we  know  BOi  =  i2j,  and  OiO,  = 
iJa  —  i2i,  and  the  included  angle  BOiO%  =  180°  —  Ar,  hence 
by  Trig.  (Tab.  II.  25) 

tan  i(  O.O^B-  O.BO^)  =       '       ^  tan  i  A  i         (143) 

The  angles  at  B  and  Oa  are  then  found  by  (Tab.  II.  26). 
Let  ft  =  the  angle  O^BO^ ;  then 

BO,  =  (iZ,-S.)^^  a44) 

The  value  of  BH^  above  may  be  written 

BH^  =  (i2a  +  50a)  (i?a  -  -BOa)  a^S) 

The  polar  equation  of  the  ellipse,  taking  the  pole  at  B,  anO 
estimating  the  variable  angle  v  from  the  axis  BO^,  is 

«  r  = 


a  —  c,  cos  © 

When  t>  =  /?  T  *,  then  r  =  i^i',  and  substituting  tlTe  values 
of  a,  ft,  and  c,  given  above,  we  have 

BR^ 
^'   ^  2(i2a-5OaCOs05Tt))  ^^^^ 

using  (ft  —  i)  when  F'  falls  between  Fand  J.,  as  in  Fig.  53, 
and  {ft-\-t)  when  F'  falls  beyond  F 

In  the  triangle  BOi'O^,  the  angle  0,'POa  =  (/?T  0,  and  the 
exterior  angle  BOi'P'  =  Ai';  hence 

75/) 

sin  A i'  =  j^__\.  sin  (/?  T  t)  (147) 

Finally  POaP'  =  (A,  =F  »)  -  Ai'  (148) 

When  V  is  on  ^F,  then  PO^P'  is  negative,  showing  that 
it  must  be  laid  off  from  P  toward  A\  but  when  V  is  beyond 


\ 


^«a8  «»an  f     ^^»  not     ""  "»e  aap.7^  ^  on  ^  „ 


_,  "  practice, , 

Let  J)  ^^-  ^■ 


?°45' 


*i05C52 


(See    .  ^-^  ll 


--— ffl 


S'  the  l-  '  ""''  «ieV  "  -^O.  ar,  ^         -1  rT^-^  ^ 


jj^urt 


k. 


o 
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In  the  triangle  OOiO^  we  have 

OiOa  :   00a  ::  sin  AOV:  sin  POi  V 


■whence 


It^  —  -ffi  = 


(jga  —  i?)siniA 
sin^Ai 


(150) 


which  expresses  the  general  relation  between  the  quantities^ 
H  and  A  being  given. 

We  may  now  assume  values  for  Bi  and  Bt  subject  to  the 
above  conditions,  viz.,  Bi  <  B  and  Bu  >  B;  whence 


.     ,  ^          (jBa-i2)siniA 
sm  iAi  =  5^ p        p 


asi) 


In  selecting  values  for  Bi  and  iJa,  the  degree  of  curve  2>i 
should  be  but  little  greater  than  D  of  the  simple  curve,  say 
from  30  to  60  minutes,  while  Da  may  be  taken  at  iD  to  i2>. 

Example^-Qiven:     i?  =  1719.12    2>  =:  3**  20'     A  =  40*" 


Let  Bi  = 
*'  B2  = 

1432.69 
5729.65 

m 

=  4- 

=  r 

20' 

18° 

37° 

V 

36' 
13' 
23' 

57" 
54" 
03' 

log  3.603202 
"   3.633161 

J?a  —  B 
jKa  —  Bi 

4010.53 
4296.96 

•   138.4  ft 

iA 

**  9.970041 
log  sin  9.534052 

iAi 
A, 
Aa 

AP  =  P'B 

"    "   9.504093 

Again  toe  may  assume  A  a  and  Bi,  whence 

Ai  =   A  —  2Aa 

and 

„  _  iJsiniA  —  i?i  sii^iAi 

Jt^   —   . ; ■ • 

sin^A  —  sm-jAi 


(152) 


Example.— GWeni  B  =  1719.12     A  =  40' 

Let  Bi  =  1432.69    Aa  =  1°  r.  Ai  =  88* 

Ans.  -Ba  =  7387.24    . •.  Da  =  0°  46i'    AP=  189. 

« 

Finally  we  may  assume  At  and  A,  and  deduce  Ai  and  Bi 
from  eqs.  (149)  (150);  but  this  is  the  least  desirable  because 
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the  value  of  J?i  so  found  will  not  usually  give  a  con'VBnient 
value  to  the  degree  of  curve  J9i. 

175.  To  determine  tJie  distance  HH'  between  the  middle 
points  of  a  simple  curve  and  a  three-^ientred  compound  curve 
joining  ihe  same  tangent  points  AB,    Fig.  54. 

In  the  triangle  OOi  Oa,  we  have 

EH'  =  OOi  +  0,H'  -  OH 

.%  HH  =  (B.  -.  i2.)£^'  -  (22  -  -Bi)     (153) 

In  the  first  example  given  above  HH  =  1455,  and  in  the 
second  HH  =  17.05  ft. 

In  many  instances  the  distance  HH'  is  so  great  as  to  render 
this  problem  practically  useless,  unless  the  distance  HHi  is 
discounted  beforehand  by  putting  the  simple  curve  AHB  a 
Bullicfent  distance  inside  of  the  proper  location  through  the 
point  H'.    But  the  problem  given  below  is  usually  preferable. 

170.  Given,  a  simple  cnrye  joining  two  tangents  to  re- 
place it  by  a  three-centred  compound  curve  which 
shall  pass  through  the  same  middle  point  H. 

L  The  curve  flattened  at  the  tangents.    Fig.  55. 

Let  iS  =  J.0,  tha  radius,  and  A  :^  the  central  angle  of  the 
Bunple  curve  AHB,  and  let  H  be  the  middle  point. 

Let  Bi  =  POi  =  HOy  A 1  =  PO,P' 

•*  ^  =  POa  =  A'O^  =  S'O,  A.  =  PO^A'  =  P'OtB' 

**  A!  and  .H'  be  the  new  tangent  points  required. 

We  have  at  once,  as  in  the  last  problem, 

3a«+Ai  =  A.  (154)' 


130  FIELD   EN^GINEEBIN'G. 

8ince  the  curve  is  to  be  symmetrical  about  VO,  HP  =  HP\ 
FA  =  P'B,  &nd  AA' =  BB',    ,, 


Fio.  56. 

In  the  diagram  produce  the  arc  IIP  to  G,  and  draw  OiG 
parallel  to  OA,  and  produce  it  to  K,  Then  a  tangent  line  a! 
G  will  be  parallel  to  VA\  and  by  §  137  the  point  G  will  be  on 
the  long  chord  HA,  and  on  the  long  chord  PA'.  GK  is  the 
perpendicular  distance  between  parallel  tangents,  and  the 
problem  is  similar  to  that  given  in  §171;  whence  by  eq.  (57) 
we  have,  in  this  case, 

GK^iR^"  Bi)  vers  Aa  =  (i^  -  -Bi)  vers  i  a.    (155) 

for  the  general  equation  in  which  R  and  A  are  given. 
Analagous  to  eq.  (130)  we  have 

AA'  =  KA!  -KA-GK  cot  GAK--  QK  cot  GAK. 

.  •.  AA  =  GK  (cot  i  A«  -  cot  J  A)  (156) 

in  which  GK  is  obtained  from  (155). 

We  may  now  assume  values  for  Bi  and  Bt,  making  Bi  <B 
and  Ba  >  B,  and  deduce  the  values  of  As,  Ai,  and  AA'. 

Solving  eq.  (155) 

(B  -  Bi)  vers  i  A          GK  ,^  ^^ 

vers  A,  =  i 1?        J?  =  p p-  (157) 

Eq.  (154)  gives  Ai,  and  eq.  (156)  gives  AA', 
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m 


Mcample, — Fig.  55. 

Given:  iJ=    764.489 
Leti^i  =    716.779 
•'  B^  =  3437.870 
(155)  E-Bi  47.71 


2>  =  7°  80' 
2>i  =  8° 
A  =  V  40' 

20" 


A  =40* 


log  1.678609 
log  vers  8.780370 


(156) 


GK 

2721.091 

158.00 
43.5081 
6.6713 

(say)  2"  88' 
Ax  =  34*44' 
=  cot   1*  19' 

cot  10* 

log  0.468979 
"  3.434743 

As 
^'P 

iAa 
iA 

log  vers  7.024236 

GK 

87.8368 

log  1.677914 
**  0.458979 

and 


and 


AA       108.87 
Again,  we  may  amims  A  a  and  Bx  <  B\  whence 

Ai  =  A  —  2Aa 


« 


2.036893 


eq.  (155)    (?JSr=  (i?  ^  iJx)  versiA 


JBa  =  B\  •\- 


GK 


vera  A  a 


(158) 


Eq.  (166)  gives  AAl. 

Again,  we  may  asmme  a  a  and  the  distance  A  A';  whence, 
from  eq.  (156) 


GKz=z 


AA! 


cot  |Aa—  COtiA 


(159) 


eq.  (i55)       i?i  =  iJ  - 


GK 


vers  iA 


eq.  (158)  gives  i?,. 
^am,  ^  may  asmme  Bi  <Band  AA';  then,  eq.  (166) 


*nd  eq.  (156) 


GK=:(B-Bi)YeT8iA 

A  A' 
COtiAa  =  COtiA  +-^ 


aeo) 


•ndeq.  (158)  gives  i2a. 


Ui 


nMw  3pirQm«»»t^a. 


Example. — Fig  55. 

Given:  JJ  ;=  764.4^9 
Let  Ri  =  716.779 
**  AA  =    110. 

Beo^^  by  J#^t  example. 


JP  ?=7° 
Aw  8° 


A  ^40' 


aon 


cot  iA 

cot  iAa 

GK 


110. 

38.11800 
5.d71S 

43790^ 


(say) 


bg  0.458W 
9.641393 

1.582^ 
10^ 

l»  18'  18*       l^g  1.642486 

y  8f      log  vers  7.018147 

0.458979 


2759.5 
3476.3 


Da  =    1°  39' 


3.4409^ 


II.  T^  ci^rw  sharpened  ^t  the  tangents.    Pig.  56. 

This  case  will  only  occur  when,  with  a  given  external  ^Us- 
tance  VH,  a  simple  ^uwe  would  absorb. too  fuagh^  the  tan- 
gents. 


Fig.  56. 

I«t  .4J3S  hp  ttip  ^Rple  Wive,  afl4 
*'  ^'PflP'5'the  re(juir§<l  coi»poun4  xjurve. 
"    Bi  =  PO^  =   ffO^;  A  a  =   POtP' 

"  R,  =  POi  =  A' Ox  =  B'Oz;  Ai  =  ^'0»P=  P'OtB'. 

We  have  from  the  figure, 

2Ai  + A,=  A.  (WD 


In  the  diagram  4r»w  0^9  pc^ri^Uel  to  04  ci^tipg  tba  tan- 
gent f^  JKy  m^  produce  th^  ^c  ^i^  tq  6^.  Pi^iy  Uie  chor(^ 
(i?^  fu)4  6fP,  pawiqg  tUrougi»  J.  »|i(l  4'  leapecUyely,  W^ 
iMve  tbea  i^  iJii^cwmoix  MmiUr  to  tb^  |>r«;q^ing  C9«e,  an4  to 
tlie  problwa  g  171,  FJg,  $1,  wlie^c^  w^  (Jwye  tlie  general 
fonaultt; 

&K n  <i2i  -^  i8i)  yers  Ai  »  (fi,  -„  ^  Tem  i a     (id2) 
«&d 

Jid'=  QK  (cQt  i Ai  -  cot  JA)  (163) 

1.  Assuming  Bi  <B  ^nd  B^>  M 

OK  iJa— 22  ,  ,,^,, 

i.  AJBUpdng  Ai  <  iA  and  Bi  <  B 

^  -      versiA-YersAx  (^^ 

9,  ^qpiiming  Ai  <  iA  and^J.' 

^-^=COtiA.-COtiA  <1*^ 

rtTT 

ft  =  ii  +  — ^=--  (167) 

'  vers  iA  ^     '^ 

ft  =  ft ^^  (168) 

vers  Ai  ^     ' 

4.  Assuming  ^  >  ^  and  44' 

GK^  (Ba  —  JB)  vers  iA 

44' 

cot  iAi  =  cot  iA  +  ^^  (160) 

The  third  assumption  will  usually  secure  most  readily  the 
desired  curve.  44'  fAuonid  be  anfiiwnari  ae  tgn^ftll  as  ths  nature 
of  the  cam  wiU  aUow,  wd  A  i  shotid4  s^  h9  m^h  janniller 
than  i  A . 

It  is  evidently  not  necessary  that  the  new  curve  shoujd  be 
symmetrical 5  for  bavlng  laid  out  the  curve  A'PU^  the  simple 
curve  HB  may  then  be  used,  or,  if  desirable,  some  compound 
curve  HP'B'  determined  hy  an  aasiumed  vaiue  4>f  BB*  not 
equal  to  44'. 
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These  formulae  (154)  to  (169)  are  readily  adapted  to  the 
case  of  substituting  a  compound  for  a  simple  curve  when  it 
is  necessary  to  keep  one  tangent  point  fixed,  but  to  move  the 
other  a. certain  distance  in  either  direction  on  the  tangent. 
For  if  in  Figs.  55,  56,  we  draw  a  tangent  at  H,  and  make  H 
the  fixed  point  of  tangent,  it  is  evident  that  the  central  angle 
of  the  curve  will  then  be  AOH.  The  only  change  necessary, 
therefore,  to  adopt  the  formulae  to  this  case  is  to  write  A  in 
place  of  I  A,  and  to  observe,  instead  of  eqs.  (154)  (161),  that 


Ai  +  As  =  A. 

Example, — Fig.  55. 

Let  R  =  1910.08 

Assume    AA  =    260. 

Eq.  (166)  AA'  =    260. 

cotiAi  2.90421  19* 

cotiA  2.60509         21" 


A    =84'' 
Ai  =38° 


A«  = 


.29912 


log 


8' 

log  2.414973 


9.475846 


.*.  OK 

Eq.   (167)  i  A 

a 

Eq.  (168)  GK 
Ai 


Hi 
A'P 


42* 


2.939127 
"  vers  9.409688 


8384.07 
1910.08 

5294.15 


4100.27 

1193.88 
791.67 


3.529439 


i>  =  8avr05' 

log         2.989127 
88''  "  vers  9.826314 


3.612813 


2)  =  4'  48' 
PE  =  369,23 


177.  GHven,  two  curves  joined  by  a  common  tangent 
to  replace  the  tangent  by  a  curve  compounded  wUh 
the  given  curves.    Fig.  57. 

Let  Ri  =  B0\  the  radius  of  one  curve, 

i?8  =  -40a  the  radius  of  the  other  curve,  >  Ri, 

I  •=  BA  the  common  tangent, 
-Ba  =  POj  =  P'Oi  the  radius  of  connecting  curve. 
Aa  =  POiP'  the  central  angle  of 

a  =  AOtP'  and  /J  =  BO,P. 

%  =  AOzO,. 


tt 


it 
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In  the  diagram  join  OiO»  and  draw  OiG  parallel  to  BA, 
Then  in  the  right-angled  triangle  O1GO3  we  have, 


cott  = 


0»0.  = 


QOi    " 

cos^ 


I 


I 
sin  % 


(170) 


(171) 


which  gives  the  distance  between  the  centres  of  the  given 
curves. 


Fig.  67. 

We  shall  now  assume  the  following  geometrical  truths, 
which  may  be  easily  demonstrated. 

If  two  circles  intersect  in  one  point,  they  intersect  in  two 
points;  and  the  line  joining  the  two  points  is  the  common 

chonL 

The  common  chord  is  perpendicular  to  the  line  joining  the 
centres,  and  when  produced  it  bisects  the  common  tangents. 

If  a  third  circle  is  drawn  touching  the  two  circles,  a  tangent 
to  the  thixd  circle,  parallel  to  the  common  tangent,  will  have 
its  tangent  point  on  the  common  chord  produced. 

Conversely,  therefore,  if  the  tangent  BA  be  bisected  at  K, 
and  a  line,  KI,  drawn  perpendicular  to  Oi  0$,  KI  will  coincide 
with  the  common  chord  produced,  and  the  angle  IKA  = 
AOtOx  =  i.  If  on  KI  we  assume  a  point  I  through  which 
it  18  desirable  that  the  connecting  curve  should  pass,  then  /  is 
the  tangent  point  of  a  tangent  parallel  to  BA ;  consequently 
a  line  through  I  perpendicular  to  BA  CQutf^ius  the  required 
centre  O^, 
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I.  Let  p  =  HI  =:  the  perpendicular  distance  between  tiie 
tangents. 

If  in  the  diagraiu  we  join  lA  and  IB,  and  produce  the 
chords  to  intersect  the  given  curves  in  Pand  P\  then  Pand 
P'  are  the  points  of  compound  curvature;  and  the  lines  POi 
and  P'Ot  produced  will  intersect  10^  in  the  same  point  Os; 
and  the  angles  P'Oql  =  a  and  POJ  =  fi. 

In  the  triangle  AIB  the  line  KI  bisects  the  base  AB,  and 
we  have  by  Geom.  Tab.  I.  25. 

AT*  +  Br  =  %AK^  +  2^/« 

By  eq.  (56)         AI  -  2(i2a  -  Rz)  sm  \a 

BI  =  2(Bi  -  Bi)  Bin  i/S 

AK=V     and     KI  =^ -^ 

.-.  4(i?,  -  B,y  Bin«  ia  +  4(22,  -  i?i)«  sin«  ifi  =  ^  +  ^-. 

Dividing  by  2  and  putting  vers  a  =  2  sin»  ia  and  vers  /3  = 
2  sin«  i/5  (Tab.  II.  46) 

(5a  -  JKa)»  vers  a  +  (5,  -  5i)«  vers  /?  =  ii?  +  ^^ 
But  by  eq  (57) 

(l?j  -  i?,)  vers  a  =  (Ba  -  i?i)  vcTB  /?  =  i>        (172) 

.-.  p(22?,  -  (Bt  +  B,))^  i^  +  sSl 

2i2.  =  (i2.  +  i?0  +  :^  +  a^  (173) 

From  (172) 

and  from  the  figure 

At-ct  +  fi  (ITJf) 

Theae  lormuleB  solve  the  problem  when  p  la  assumed.  If 
desirable  we  may  find  a  and  fi  independently  pf  ^|,  lor  in 
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the  triangle  AIB,  lAB  =  ia  and  JBA  =  i/J;  and  since 
HK  =  p  cot  t, 

cot4«  =  ^  =  i^--^-cot»       (176) 

II.  In  case  a  or  fits  assumed,  we  have  from  the  last  equa- 
tion 

^   »  ^  ri78^ 

^  '"  2(cot  ia  +  cot  t)  ""  «(cot  iyS  -  cot  t) 


in.  In  ease  the  radius  R^  is  aasmmdy  then  in  the  triangle 
OiOaOa  we  know  all  three  sidea ;  for  0x0%  =  (iJa  —  Ri), 

OxOt  =  (jRa  -  i2i),  and  O^O,  =  ^^~~- 

cos  • 


By  Trig.  (Table  II.  31.) 

8(«--  0,0^)  {s-  OiOs) 


vers  Aa  = 


OiOaX  0>,0, 


m  which  «  =  i  sum  of  the  three  sides. 
Substituting  values,  and  reducing,  observing  that, 

(-^-  l)  l-^+  l)  =  sec«  «•  -  1  =  tan* i 
\oost        /  ^co8^    *     / 

and  that  (Bt  —  i2j)  X&nizsl,  we  have 


In  the  same  triangle. 


sin  O1O1O9  =  sin  Aa 


O^z 


But  from  the  figure  OiOiOt  =r  t'  —  /?,  and  taking  the  value 
<rfO,0»  from  e<ii  (171). 
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sin  (i  —  p)  =  ^^ -J UW'> 

We  then  find  a  from  eq.  (175)  and  p  from  (173). 

The  angles  a  and  /?  may  be  found  otherwise,  for  by  Trig. 
fTab.  11.  27)  we  have  in  the  triangle  OiO^Om 

sin  UOiOtO^  -  O3O1O9)  =  ^'%7o3^'^'  cos  1  A, 

or 

.„  /ofto       /^.  j_  Q^-A\  _  (^«-igi)cost  cos  i At 

.  •.  cos  It  -1 ^^j  =  cos  ^  .  cos  i  Aa  (181) 

which  is  a  convenient  formula  when  i  and  As  are  not  too 
small.    Having  obtained  — ^-^,  we  have 

a  =  iAa+^^  /?  =  iAa-^^  (183) 


For  a  constant  value  of  I  the  less  the  difference  of  iJj  —  iJi 
the  greater  will  be  the  value  of  the  angle  i.  When  JJ«  =  ^1, 
cot  *  =  0  and  i  =  90°  and  the  tangent  point  J  will  be  on  a  per- 
pendicular to  BA  drawn  through  the  middle  point  K;  and 
a  =  fi.  On  the  contrary,  as  {R»  —  Ei)  increases,  %  becomes 
less,  and  the  foot,  H,  of  the  perpendicular  HI  moves  toward 
B,  the  tangent  point  of  the  curve  of  smaller  radius  Bi.  The 
distance  HK  =  p  cot  *.  The  connecting  curve  is  farthest 
from  the  tangent  BA  at  I.  To  find  the  ordinate  from  BA  to 
the  curve  at  any  other  point,  subtract  from  p  the  tangent 
offset  for  the  length  of  curve  from  /  to  the  ordinate  in  ques- 
tion. §115,  eq,  (39)  may  be  used  on  flat  curves  with  tolera- 
ble accuracy,  even  when  the  distance  equals  several  hundred 
feet. 

ly.  It  is  evident  that  in  this  problem  B^  must  be  greater 
than  either  Bi  or  Bt.    As  the  centre  Ot  is  taken  nearer  the 
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line  Oi  Os,  B%  grows  less,  and  is  a  minimum  when  0%  falls  on 
the  line  O1O3.    In  this  case  we  have  a«  =  180°,  and 

22,  =  UBi  +  Bi  +O1O3);  a  minimum.         (183) 

This  limit  must  be  regarded  in  assuming  the  value  of  12,. 
Since 

OiO,  -  OiOi  =  (i?a  -  Bi)  -  (22,  -  Bt)  =  (22a  -  -Bi) 

a  constant  value,  independent  of  22a,  we  infer  that  the  centre 
0,  is  always  on  a  hyperbola  of  which  Oi  and  0»  are  the  foci ; 
{Bt  —  22i)  equals  the  diameter  on  the  axis  Joining  the  foci; 
and  I  equals  the  diameter  at  right  angles  to  it,  for  in  the  tri- 
angle O1OO9, 


I*  =  OiO,  -  (B^  -22i)«  (184) 

Example.'-Tig.  57. 

Given:  22,  =  1433.69    22,  =  1910.08  and  i  =  400. 

Assume  p  =      11.4   to  find  B3,a  and  fi, 

Eq.  (170)  22,-22,        477. 89  log  2. 678873 

«    400.  **  2.602060 


39°  57' 84"  log  cot  0.076813 


Eq.a73)     i  39°  57' 34'   "  sin  9.807701 

»  89°  57'  84"  '*   sin«  9.615402 

p  11.4                log  1.056905 

♦  27.64               '*  1.441508 

i?»  "  4.602060 


P 


4t 


1.056905 


♦  3508.77                                      *'  3.545155 

5»  +  22,  3342.77 

2)  6879ji 

22,  3439!59  (say)  8437.87 

Eq.  (174)     p  11.4                 "  1.056905 

B^-Bt  1527.79                "  3.1840^ 

a  7°  00'  log  vers  7.872841 

p  11.4                                      log  1.056905 

i2,-22,  2005.18                                      '*   3.802153 

/3  (nearly)              6°  07'    log  vers  7.754752 

A,  iror 
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Mampk^-^Fig  57. 

Given:    Ei  r^  1432.69,  Et  =  1910.08,  and  I  =  400. 
Assume  i?a  =  3437.87,  to  find  At,  fi,  a  and  p. 
Eq.  (179)  2.  log  0.301030 

E^-Ei       2005.18  "  3.302153 

iJ,-^       1527.79  "  8.184064 


2» 

477.30 
400. 

1527.79 
400. 

13**  or  22* 

89°  67'  84' 

39°  57'  84' 
13°  or  22' 

"  6.787247 
5.204120 

A« 

Eq.  (170)^.-i2, 

log  vers  8.416873 

log  2.678873 

*'  2.6O2O60 

i 

Eq.  (180)            t 

As 

2 

log  oot  0.076813 

log  Bin  9.807701 

"    "  9.356099 

log  8.184064 

log  sin  2.347864 
log  2.602060 

*•-/?  83°  50' 39*        log  sin  9.745804 

fl  6*  06'  55' 

e4.  (175)           a  7°  00'  27' 

Eq.  (172)  B^  -Bt  log  8.184064 

a  7°  00' 27'     log  vers  7.873809 


•  * 


ll.-ti  1.057378 


178.  Owen:  a  Ihree^eenlred  compound  eurte  to  replace 
the  middle  arc  by  an  a/rc  of  differerd  rctditis. 

I.  When  the  radius  of  the  midUe  arc  is  the  greatest. 

Fig.  57. 

First  find  the  length  and  direction  of  the  common  tangent 
AB,  Let  As  =  central  angle  of  the  middle  arc,  i^  =  its 
radius,  and  Bi  and  B»  the  radii  of  the  other  arcs.  From  eq. 
(179).  ^__ 

I  =  V2(iJa  -  Bi)  (iJa  -  ifti)  vers  Ai  085) 

Then  find  %  by  eq.  (170),  a  and  /3  by  eqs.  (181)  (182),  and  p  by 
eq.  (172). 

For  the  new  arc  we  may  now  assume  a  new  value  for  p,  or 
for  Bt,  or  for  a.  Indicating  the  new  values  by  an  accent,  if 
we  assume  p'  we  proceed  as  in  the  last  problem,  using  eqs. 
(178),  etc.  If  we  assume  i^a,  we  use  eq.  (179),  etc.  If  we 
assume  a',  we  use  eq.  (178). 
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Ill 


'     IL  When  the  rad^is  qf  the  middle  are  it  the  least  of  the 
ttn*.     Fig.  68. 

la  this  case  the  middle  arc  is  within  the  other  two  pro- 
duced; and  for  the  same  values  of  R,B,  aod  0,0,,  the  IcaiM 


of  the  ceutre  0,  Is  the  oppoette  branch  of  the  hyperbola  found 
iD  §177.  When  the  centre  0,  falls  on  (he  line  0,0,,  A,  = 
180°,  and 

£,  =  4(£,  4- ii,  -  0,0,),  a  maximum.        (1B6) 
Anfdogous  to  eq.  (18S),  we  have 

I  =  V2(5,  _  fl,)  (ft  _  it,)  veM  A,  (187) 

vUch  gives  the  length  of  the  common  tangent  TZ, 

We  then  have  the  values  of  t  and  of  O,  Oi  by  eqB.  (170)  (inX 
Uid  of  a  and  /J  by  eqa.  (181)  (182),  and  analogous  to  eq.  (178), 

p  =  (B,  -  ii,)ver3  a  =  (B.-il,)  vere/3        (188) 

ta  whldi  j>  b  the  perpendicular  distance  SI  between  parallel 

tangents. 
.      For  the  new  arc  we  may  now  asgume  a  new  value  for  p,  for 
I    B,,  or  for  a.     Indicating  the  new  values  by  an  accent,  If  we 
e  p',  we  have,  aDal<^uB  to  eq.  (178) 
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2iJ.'  =  iJ.  +  i?.-(^  +  ^y 


am 


and  from  eq.  (188) 


P 


_  P 


vers  a  =  p  '    p  ;  vers  /?'  =  p       p 


a90) 


If  we  assume  Ra',  we  have,  analogous  to  eq.  (179), 

I* 


vers  Aa'  = 


(IW). 


and  we  find  a  and  /?  by  eqs.  (181)  (182),  and  p'  by  eq.  a88). 

III.  When  the  radius  of  the  middle  arc  has  an  interMiedl- 
ate  value,  compared  vyUh  the  other  radxi.    Fig.  59. 


Fig.  69. 


In  this  case,  whatever  be  the  value  of  i^a,  we  have 

OaOa  +  OaOi  =  (iJ,  -  i?a)  +  (i^a  -  i?i)  =  (IJa  -  B^ 

a  constant  value  independent  of  JKa ;  hence  we  infer  tha^  the 
loms  of  Oa  is  an  ellipse,  of  which  Ox  and  Os  are  the  foci,  vid 
(^8  —  i2i)  equal  to  the  transverse  axis. 
Let  I  =  CO'  =  the  conjugate  axis,  and  let  i  =  QOsOa  = 

Produce  O.Q  to  (?,  making  qG  =  0,^,  and  join  QOx 
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Then  by  similar  triangles  QOi  is  perpendicular  to  OiOz,  and 
QOi  =  I;  and  in  the  right-angled  triangle  OOtOi 

Oi 0.  =  (Bz  -  iJi) coBi=l cot i  (193) 

I  Analogous  to  eqs.  (185)  and  (187),  we  have 


I  =  V  2{Et  -  5a)  (JRa  -  Bi)  vers  A.  (IW) 

which  may  also  be  derived  from  the  triangles  OiO%Ot  and 

Let  a  =  OaOsOi,  and  /?  =  OaOiO, 
►  Then 

sm  a  =  y^  sm  Aj  =  -^^^^-^ —  tant.  sm  As         (195) 

Prom  the  figure  /?  =  A«  -  a  (196) 

In  the  diagram  produce  the  line  OsOi  and  it  will  intersect 
all  the  arcs.  At  the  ^points  Z  and  F,  where  it  cuts  the  inner 
and  outer  arcs,  draw  tangent  lines  perpendicular  to  OsOi. 
Draw  the  radius  0^1  parallel  to  OsOi,  and  the  tangent  line 
IL  at  /. 

Let  q  =  ZY&udp  =  ZL  =  HI 

Then  by  the  theory  of  parallel  tangents,  §137,  the  point  /  is 
on  the  chord  PZ  produced,  and  it  is  also  on  the  chord  P'  T; 
and  we  have 

p  =  ZL  =  (E2-  Bt)  vers  /5.  (197) 

J  -  p  =  ZF  =  (i2s  -  Bi)  vers  a  (198) 

and  9  equals  the  mm  of  these.  Butq=  ZT  is  the  shortest 
distance  between  the  inner  and  outer  arcs,  and  has  a  constant 
value  independent  of  B^,  If  we  assume  Ba  =  i(Bi  +  Bi)  the 
centre  O,  will  be  at  Q,  and  a  :=  fi  =  »,and  p  =  ^q.  Making 
these  substitutions  above, 

g  =  (Bz  -  Bi)  vers  i,  (199) 

Also,  from  the  figure, 


1 
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zr=  o,F-  OiZ-  OiO„ 

or, 

g  =  i2,  -  i2i  -  OiO..  (200) 

In  the  triangle  ZITwe  have  by  Geom.  Tab.  I.  36, 

ZP  ^zIY^  +  ZT*-  2Zr(ZT -  ZL) 
or 

Now, 

ZP  =  Mfi%-  Biy  sin*  i/J  =  2(^  -  i2,)»  vers  fi 

IT*  =  4(i?,  -  iJ,)«  sin*  fz  =  3(i?,  -  A)  vers  a 

Hence 

Z/»  =  2(i?,  -  i?i)p  and  7r«  =  2(2?,-  iJs)  (g -  p) 

Substituting  these  values,  and  solving  for  p,  we  have 


Also 


B,  =  (iJ.^te)-.j>.Mi  (302) 


For  any  other  value  of  B%,  we  have 


Hence 


B,'={R,-'\q)^p'^ 


i?.'-JB.  =  ^0>-jp')  (203) 


which  gives  the  change  in  Bs  for  a  given  change  in  the  value 
of  p 
Observe  that  as  p  diminishes  B%  increases  and  tiu  wna. 
Having  determined  the  value  of  B%\  we  find  p'  by  substitut- 
ing JSa'  fori2<  in  eq.  (201);  and  from  eqs.  (107)  (198)  we  have 

rers  a'  =  -|^^  (205) 
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tod  fhe  change  \n  the  points  of  compotmd  oarratufe  Is  found 
^(fi-  fl')  and  (a'  -  a). 

Bemark.—When  Rj  =  i{Bt  +  JRi),  As  =  d^,  a  minimum, 
and  the  long  chord  PP'  is  perpendieular  to  OtOt.  When  i^ 
is  greater  than  this,  a  is  greater  than  /9,  and  «/»  «^«7.  Wliat- 
CTer  he  |be  value  of  -8^  ^  long  chord  PP'  always  cuts  the 
line  OiOt  produced  in  the  same  point  >S^  at  a  distance  from  Zof 

Z8  =  Bi  vers  •; 

or  from  Oi  of  OiJ3  ^  Ri  cos  t. 

This  item  will  he  found  useful  in  solving  the  problem 
graphically. 

Let  Rx  =    781.84    Di  =  7°  30' 
Ldp-p'zz:     11.30 


A,»48* 


Bq.(m)  ^2 

A* 


I 
(192)        i?a  -  i?i 


48" 


458.27 
1128.24 


log  0.801080 

'^  2.728094 

*•  2.778«5 

logvenfLUeaW 

2)  5!822246 

log  2.661128 
8.052402 


i< 


28°  57'  55"  log  sin  9.608721 


(198) 


(1»6) 


(196) 
(203) 
(200) 


.Sa  —  Ri 

0,0, 
R%  —  Ri 

Aa 


a 
0,0n 

q 

OjOt 

q' 
p-p' 

Rt  "  Ri 
Rt 


1080.98 


97.26 

11.80 
119.78 


28°  57'  55"  log  cos  9.960847 
log  8.052402 

log  *  8.018249 

log  2.773465 
48°  log  sin  9.871078 

log*2!644588 

25°  19'  52"  log  sin  9T631289 
22°  40'  08" 

log  8.018249 
1.987984 


1.025815 
log  1.058078 


<< 


2.078898 


1495.18  (say)  1494.95  for  8°  50'  curve. 
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(201) 

0x0, 
Q 
P' 

q  -  P' 
a! 

A,' 
a'  -a  = 

/?-/?'  = 

366.50 

3457 
713.11 

62.69 
415.13 

6°  34'  .-. 

4°  45'   .-. 

17'' 

31" 
49° 

P'P"  z 
PP'       : 

55'      log 

54'      log 

49' 

=  218.89 
=    64.77 

log  2.564074 
"  1.025315 

■ 

(197) 

"  1.538759 
"  2.853157 

vers  8.685602 

(198) 

log  1.797198 
*'  2.618184 

»■ 

vers  9.179014 

The  practical  difficulty  in  changing  the  middle  arc  of  three 
centred  curves  lies  in  the  difference  of  measurement  that 
ensues.  Thus,  in  the  last  problem,  although  the  total  central 
angle  is  the  same,  the  new  curve  is  6.56  feet  shorter  than  the 
original,  making  a  fractional  station  at  P".  If  the  change  is 
made  during  the  lodation,  it  is  well  to  re-run  the  last  arc  from 
P"'  to  the  tangent  following,  so  as  to  eliminate  the  fractional 
station  from  the  curve. 
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CHAPTER  Vn. 
Turnouts. 

1 79.  A  turnout  is  a  curved  track  by  which  a  car  may 
leave  the  main  track  for  another.     At  the  point  where  the 
outer  rail  of  the  turnout  crosses  the  rail  of  the  main  track  a 
frog  is  introduced  which  allows  the  flanges  of  the  wheels  to 
pass  the  rails.     A  frog  consists  essentially  of  a  solid  block  of 
iron  or  steel  having  two  straight  channels  crossing  each  other 
on  the  upper  surface,  in  which  the  flanges  of 
the  wheels  pass.     The  triangular  portion  of  the     V^^""?*^^ 
upper  surface  formed  by  the  channels  is  called      \     |     / 
the  tongue  of  the  frog,  and  the  angle  which  the        \ 
channels  make  with  each  other  is  called  the/ro^-         \ 
angle.    Every  railroad  is  provided  with  a  set  of 
frogs  of  different  angles,  from  which  may  be  f 

selected  one  best  adapted  to  any  particular  case.         fto.  flO. 

The  frogs  may  be  designated  by  their  angles, 
but  it  is  customary  to  designate  them  by  numbers  expressing 
the  ratio  of  the  bisecting  line  FC  of  the  tongue  to  the  base 
line  aft.  Fig.  60.     Observe  that  F  is  at  the  intersection  of  the 
edges  produced,  and  not  at  the  blunt  point  of  the  tongue. 

In  the  triangle  aFG^ 

FC 

— 77-  =  cot  i  aFh 
aU 

and  if  we  let  n  —  the  number  of  the  frog,  and  F  =  the  frog 
angle,  then 

On  some  roads,  however,  the  frogs  are  numbered  arbitrarily, 
or  according  to  their  length  in  feet,  while  on  others  they  are 
designated  by  letters  of  the  alphabet.  In  any  case  the  true 
number  (»)  of  a  frog  may  be  determined  by  the  above  for- 
mula. 
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The  first  rail  of  the  turnout  U  common  to  both  tracks,  and 
Is  called  the  mriteh-rail.  It  has  one  end  free,  so  as  to  be  shift- 
ed from  one  track  to  the  other  aa  required;  the  free  end.  D 
(Fig.  61),  is  called  the  point  of  iwiteh.  The  tangent  point'  of 
the  turnout,  at  A,  is  called  the  heel  of  switch,  and  the  distance, 
AD,  is  the  knfffft  ofttmiiah.  The  switch-rail  should  be  several 
feet  longer  than  AD.  and  the  escesa  be  spiked  down  in  the 
line  of  the  main  track  back  Of  the  point  A.  Then  if  the  point 
D  is  thrown  over  to  meet  the  rail  of  the  turnout  at  K,  th«  switch 
rail  ia  sprung  into  an  are,  which  coincides  with  the  arc  of  the 
turnout,  provided  that  the  length  of  switch  AD  has  been  prop- 
erly taken.  The  distance  DK  through  which  the  point  moves 
is  called  the  throw  of  the  switch.  It  vaiieB  on  different  roads 
from  4t  to  6  inches,  but  is  usually  made  about  5  inches,  or  0.43 
feet.  A  turnout  should  be  a  simple  curve  from  the  heel  of  the 
switch  to  the  point  of  the  frog. 

1 80.  Ofo«»  .■  a  main,  track,  straight,  and  a  frog  angle  F,  to 
determine  the  (KsftiftM  BP,  on  the  main  track  from  the  JW  of 
taitoh  to  point  cf  frog,  the  Todhu.T,  of  the  e«ntit  lint  (^  the  turn- 
ottl,  the  length  i!^ehor&9X,amd^  proper  kngtKi^ttoiteh  Ad 

Fig.et 


Vm.eL 

Let    (7  be  the  centre  of  the  turnout. 
"     F=  the  frog  angle,  RFl  =  FOB. 
"      g  =  the  gauge  of  track  AB. 
"      r  =  radius,  «C  =  /C, 
"  DK  =  the  throw  of  switch. 


or, 
whence 
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ABisi  FC.  yen  FOB 


(^  +  *^  =  OT'  ^ 


The  angle  AFB  =  ^F 

and         BF=  AB  cot  AFB  =  g  .  cot  iF  (208) 

Again,  in  the  triangle  FOB 

BF^FO.  8iiiF0»e:=(r  +  ^)BinJ'  (209) 

.  The  chord  of  is  evidently 

a/  =  »•  sin  \F  (310) 

Similar  to  eq.  (207),  we  hare 

.^^       DK        DK 

Bat  since  the  inside  rail  has  the  same  throw,  while  its  radius 
is  (r  —  \g\  we  may,  if  convenient,  drop  the  ^,  and  hence  the 
length  of  switch  is 

AD  =  r.myAOD  (811) 

The  degree  of  curve  corresponding  to  r  is  found  from  Tahle 
rv.,  or  by  eq.  (17),  and  the  centre  line  of  the  turnout  may  be 
located  by  transit  deflections  from  the  tangent  point  a,  using 
chords  of  20  of  25  feet  -f  the  correction  found  in  %%  106,  107; 
or  the  deflection  for  a  SO-foot  chord  may  be  calculated  at  once 
by 

sin  (i(?,o)  =:  -^  (213) 

181.  Simple  as  these  formulae  are,  they  maybe  rendered 
still  jnore  convenient  by  introducing  the  number  of  the 
[     frogr,  n.    By  eq.  (206)  we  have  cot  ^J^=  2n,  which  substi- 
tuted in  eq.  (208)  gives 

BF  =5:  ^n  (918) 

Drawing  the  chord  J.2^to  the  outer  rail, 


AF^  VAB^Ji:BF^:^gV\  +  in^  (214) 
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Make  BA'  =  AB  and  join  FA' ,  then  by  similar  trianglefl^ 
AA'Fsxi^AFG, 

AA'  :  AF  ::  AFiFG 
wlience 

or  (r  +  ^==  ^(1  +  4:71')  (215) 

whence  r  =  ^'n'  :=  BF.n  •(216) 

The  chord  a/ to  the  arc  of  the  centre  line  is  to  -42i^as  r  is  to 
(r  4-  ^);  hence  af  =  — j^i^*  *°^  substituting  values  from 
^qs.  (214)  (215)  we  have 

/!/=        ^'    ~  (217) 

Vl  +  4w« 

Assuming  that,  for  small  angles,  the  tangent  offsets  vary  as 
the  squares  of  their  distances  from  the  tangent  point,  which 
will  lead  to  no  material  error  in  this  case; 

AB  :  JDK  ::  BF^ :  AD* 

Whence  AD=BFa/^^ 

y    AB  \         (218) 


or  AD  =  \^^n^g  .  DK  =    V^  .  DK 

It  is  not  necessary  to  determine  the  degree  of  curvein  order 
to  locate  the  turnout,  for  having  fixed  the  position  of  BF,  the 
position  of  af  is  found  by  laying  off  Ba^  and  F/,  each  equal  to 
\g.  Whatever  be  the  length  of  the  chord  af,  found  by  eq. 
(217)  or  (210),  its  middle  ordinate  is  always  ig,  and  the  o'rdin- 
nates  at  the  quarter  points,  f  .  i^  =  ^^g.  Thus  for  the  stan- 
dard gauge  of  4.708  the  middle  ordinate  is  1.177,  and  the  Ijide 
ordinates  0.883. 

By  the  preceding  formulae  Table  XI.  has  been  calculnted. 
Which  gives  the  required  parts  of  a  turnout  for  various  frogs 
When  the  gauge  is  4  feet  8^  inches  and  the  throw  5  incheap 
lilso  for  a  gauge  of  3  feet  and  throw  of  4  inches.  For  any 
other  throw,  only  AD  must  be  calculated.  For  a  different 
gauge  the  engineer  will  do  well  to  construct  a  similar  tabl^ 
adapted  to  the  frugs  used  on  the  road. 
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In  the  table  the  frog  angle  is  given  to  seconds;  in  order  Umt 

the  results  may  agree,  whether  found  by  equations  in  §  180 

or  §181;  but  in  practice  the  nearest  minute  is  sufficiently 

exact.     The  frogs  most  used  for  single  turnouts  are  those 

'from  No.  7  to  No.  9;  inclusive. 

182.  In  case  of  a  double  tumowt  from  the  same  switch, 
three  frogs  are  required,  as  at  h\F'  and  F\  Fig.  62.,  and  the 
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switch  is  called  a  three-throw  switch,  because  its  point  takes 
three  positions.  The  frogs  F  and  F'  are  usually  alike,  and 
placed  exactly  opposite  each  other  in  the  main  track.  The 
other  frog  F'  is  placed  on  the  centre  line  of  the  main  track. 
Its  aB^le  F"  and  its  distance  from  a  are  now  to  be  determined 
in  terms  of  F, 


Aa  ' 
In  tlte  figure  we  have  vers  F"Ca  =  -^nirrn  ^^ 


vers  \F"  = 


g 


The, distance. 


^r+  \g) 
aF"  :=z{T  +  \g)  sin  \F" 
aF"  =  r  .  tan  \F" 


(219) 

(220) 
(221) 


I 


jAJl  the  parts  of  the  turnout  required  to  locate  the  frogs  F 
and  F'  are  calculated  by  the  formulse  in  the  preceding  sec- 
•^ons,  or  are  taken  from  Table  XI. 
i  If  we  let  n"  =  the  number  of  the  frog  F'\  then  by  eq.(206) 

tan  \F"  =  -^-n-y  which  substituted  in  eq.  (221)  gives 


aF"  = 


2n" 


(223) 
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Also,  in  llie  triangle  aF*0, 


aF'^  V(r-\r^)^-^T^=^Vg{T-\-ig)  (288) 

Equating  these  and  replacing  r  by  2gn^t  we  obtain 


(33*) 


If  we  neglect  the  i,  we  have 


(approx.) 


n"  =  —  =  .  7071« 


(22<S) 


Example.— It  F=  F'  =%''  44',  or  ;i  =  »'  =  8.5,  then  w' 
6.0  +  or  2^^'  =  9**  32'. 


183.  In  case  no  frog  is  at  hand  of  the  angle  or  nwmJber  given 
by  eq.  (219)  or  (225),  we  may  select  one  as  nearly  like  it  as  pos- 
sible, and  locate  the  turnout  as  a  compound  curvey  pro' 
vided  that  F'  is  less  than  2F.    Fig.  63. 
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Let  r'  =  Ca,  and  r  =  r'  =  Qr=  Of 
Tl:en  analogous  to  the  equations  of  §  180, 


r  +  i7)  =  ^ers  \F- 


.-.  r"  = 


(?ae). 


(227) 


exsec  \F" 
aF"  =  (r"  +  \g)  sin  ii?"'  =  r"  tan  ii?"'        (228) 
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The  length  of  the  switch,  by  eq.  (dl8),  is 


The  curvature  of  the  rail  between  the  frogs  F"  and  F  is 
F"€F  =:  {F  -  ^F"). 

Draw  the  chord  i^"i^ and  the  perpendicular  F"L\  then  the 
angle  LFF"  =:  F -  \{F  -  \F")  =  i(F  +  \F")\  and  since 
LF"  =  ig, 

•  ■•  -^"^  =  sin  HF+^F")  ^^^ 

LF^\g.  cot  i  (-F  +  i2?"')  (230) 

(^  +  ^)  =  sini(?lV)  (^'> 


JKtowipto.— Let  2^  =  6°  44'    JP"'  =  10"  34' 

Eq.  (826)                fer       2.854  log  0.571806 

\F"                             5°  12'  log  exs  7.616224 

r"    569.616  2.755582 

Eq.  (888)            iF"                             6"  12'  log  tan  8.959075 

aF"      51.889  1.714657 


Eq.  (S89)  i^       2.854  log  0.871806 

\(F  +  ii?"5  5'  58'     log  sin  9.016824 

F"F     22.645  1.854982 

Eq.  (881)  V.^-  W)  0'  46'     log  sin  8. 126471 

2(r  +  \g)  1692.482  8!228611 

T    848.868 

When  n"  >  .  707/1,  r  will  be  less  than  r".  Should  F '  not 
equal  F,  (F"  being  given),  then  r'  and  X'J^'must  be  calculated 
also,  by  substituting  F'  for  i^in  eqs.  (230)  and  (231). 


184*  From  the  8a/me  switch  in  a  straight  track  it  is  required 

I    U>  Ujny  two  tuirnouts  on  the  same  side.    Fig.  64. 
tf  we  asBiime  F'  =  F,  and  that  these  two  frogs  shall  be 
opposite  each  other,  we  calculate  all  the  distances  of  the  first 
tnrnout  f(>r  the  angle  F  (or  number  n)  by  g  180, 181,  whence 
we  bAve  VM  tAdius  r  s  (7a. 


154 


FIELD  EiTGINEEBING. 


Let  r'  =  (7'a,  the  radius  of  the  centre  line  of  the  second 
turnout.  The  angle  AGF  =  F,  and  since  F'  =  F,  the  angle 
CF'C  =  F,  and  the  triangle  GF'O'  is  isosceles,  and  C'F'  = 
Ca    But  C'F'  =  C'A  =  ^CA, 


or 


(232) 
(238) 
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To  calculate  the  remaining  frog  at  F',  we  have  from  eq, 
(207) 


vers  F"  =    ,  f  , 


or  from  eq.  (216) 


BF'  =  (r'  +  \g)  sin  F  =  ^n' 
af"  =  2r'  sin  iF"  =  ^' 


rr+47i"« 


(384) 

(285) 
(286) 
(237) 


and  since  AG'F'  =  2F, 


af  =  2r'  sin  F 


(288) 


The  length  of  switch  may  be  calculated  by  either  r  or  r', 
since  for  r\  which  is  about  ^r,  the  throw  of  switch  is  double, 
thus  giving  practically  identical  results. 

If  we  compare  the  values  of  F"  as  obtained  by  eqs.  (284) 
and  (219),  we  shall  find  tUem  almost  identical  for  given  values 
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of  ^  and  g;  and  since  this  may  also  be  proved  analytically  by 
assuming  that  vera  ^F"  =  i  vera  F\  which  is-  very  nearly 
true  for  ordinary  values  of  F\  we  conclude  that  a  set  of  frogs 
(F=  F\  and  F")  which  is  adapted  to  a  double  turnout  in 
opposite  directions  from  a  straight  line  (as  in  Fig.  62)  is  also 
adapted  to  a  double  turnout  on  one  side  (as  in  Fig.  64),  the 
curves  being  simple  curves  in  every  case.  But  this  being 
true,  the  set  is  also  adapted  to  a  double  turnout  in  opposite 
directions /rom  any  curved  track  the  radius  of  which  is  not 
less  than  r  as  given  for  F,  since  any  such  case  is  intermediate 
between  the  two  cases  named.  When,  therefore,  a  certain 
frog,  F,  is  adopted  for  general  use  on  any  road,  another  frog 
should  also  be  adopted,  whose  angle,  F",  is  determined  by 
eq.  (219),  or  whose  number  n  is  determined  by  eq.  (225). 
Thus,  if  J?*  =  6°  44',  or  »  =  8^,  then  F'  should  be  9°  32',  or 
n'  =  6. 

185*  In  case  no  frog  is  dt  hand  of  the  angle  or  number  given 
by  eqs.  (234)  (235),  we  may  select  one  as  near  the  same  angle 
as  possible,  and,  calling  this  F\  calculate  the  distance  BF" 
and  the  radius  CF'  (Fig.  65)  as  for  a  single  turnout;  §  180. 
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Then  assuming  any  other  frog  JF",  whether  equal  to  For  not, 
it  is  required  to  find  the  chord  F"F\  and  the  radius  C'F'  of 
the  arc  F'F'.  The  point  F'  may  fall  either  side  of  the  radius 
CF,  according  to  the  values  given  to  F"  and  F'. 

SI,*  In  case  F'  falls  beyond  the  radius  CF,  we  will  assume 
first,  that  the  entire  rail  from  ^  to  F'  is  laid  with  th^  same 
radius  BC,  and  centre  G.  (This  investigation  also  applies  to 
the  case  when  F'  falls  between  B  and  the  line  CF.) 

In  the  diagram  (Fig.  65)  draw  GF\    We  then  have 
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tan  5C2. "  =  1^  =  ^-^  W 

QF"  =  (r  -  i^)  exsee  J?(?i^"  (340) 

In  the  triangle  F"CF\ 

F"C  --  i?"C  :  F"C  +  F'C  j:  t^n  iiF"F'0-'  F'F"0) 

:  cot  J?»"aF' 
Now.  since  C'F'C  =  F',  and  BG"F"  =  i?^", 

.-.   F"Fa^  F"F'0'  +  F' 
and 

F'F"0=  F'F"C"  -  C"F"C-  F"F'0'  -  (F"  -  BCF'1 
Letting  Cr  =  (7"J"'a  5=  {F"  ^  BOF") 

and  subtracting,  we  liave 

F"F'C  -  F'F"0  ^F'  +  U 
Hence  the  above  proportion  may  be  written 

GF"  :  2BG+  GF"  ::  tan  \{F'  +  U) :  cot  ^F'CF' 
whence 

cot  il^  "  C72?"  =       -Qjr        tan  Ki?"  +  JT-)         (241) 

(Since  5C72?"'  +  i7"'(7i?"  =  S(7i?^,  and  we  know  the  radius 
BGy  the  chord  or  arc  BF'  is  easily  obtained,  which  fixes  the 
position  of  the  frog  F'\  and  the  problem  may  end  here, 
frequently,  in  practice.) 

Now  in  the  same  triangle  F"CF\  the  half  mm  of  F'F'C 
9.ndLF'F"G\s  00°  -\F"GF'\  while,  as  we  have  just  seen, 
the  half  difference  is  WP"  -|-  ^)\  ^Ad  by  subtracting  we  have 
the  less,  or 

F'F^€  a  W  -  \{F'  +U'+F"OF')  (940^ 

Now  i?r.jp.^Z'^sin7^':e^' 

jir.j..^        BG.sinF'GF^ ^ 


r 
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7b  find  the  angle  F"0'F';  produce  the  line  F'O'  in  the  dia- 
gram to  inteisect  the  line  BO  at  K.  Then  the  two  triangles 
K0"0'  and  KOF*  have  the  angle  iToommon,  and  the  sum  of 
the  o^het  angles  will  be  equal;  that  is, 

KC'^C  +  C'C'K  =  KCF'  +  GF'K 

or  F"  +  F"G'F'  =  BCF'  +  F' 

and  since  BOF'  ^BGF"  +  F"CF' 

. •.  F"C'F'  :x  F"GF'  +  F'  --  U  (244) 

K  we  denote  the  radius  F'C  by  r'  +  ig 


jEwwipfe.— Given:  the  three  frogs  i?"  =  6°  43'  59*,  F'  = 
6°  01'  33',  and  F'  =  8'  47'  51'  to  lay  a  double  turnout  on  one 
side  of  a  straig^  track.    Fig.  65. 

By  Tab.  XI.  BF  =  80  036    r  =  680.306  AD  =  33.83 
BF'  =  61.304    r"  =^  397.836 

Eq.  (339)              BF"      61.304  log  1.786779 

(r-r-i^    «77.963  *•    2.83li99 


BCF" 

Eq.  (340)     BCF' 

(r  -  ig) 

GF' 

5°  09' 38'   log  tan  8.955580 

5°  09'  88^  log  exsec  7.609587 
677.953             log  3.831199 

3.760             "  0.440786 

Eq.(341)(2BC+.fifF') 

1858.664 

(tr=8°S8'13') 
4M9'53'.5 

1'  23'  35' 

3°  45'  10' 
677.953 

6°  13' 37'.  5 

33.753 

3°  34'  14'.  5 

730.319 
363.755 

"  8.133113 

V.P'  +  ^) 
^F'CF') 

Eq.  (343)     ^"O'i^' 

3.693326 

log  tan  8.926968 

*'  cot  1.619394 

**  sin  8.681481 
2.881199 

{(F'+U+F'CF') 

1.513680 
•*  cos  9.997446 

F'F' 
Eq.  (345)   ii^'C"i?^' 

^r^  +  W) 

r' 

1.515234 
"  sin  8.651781 

3.868458 
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b.  We  asmme,  secondly,  ihat  the  middle  (rack  %8  straight 
beyond  F,  and  tangent  to  the  curce  at  F.    Fig.  66. 

Then  whenever  the  value  of  F"  is  less  than  that  given  by 
eq.  (234),  the  arc  AF\  produced  with  the  same  radius  AC, 
will  intersect  the  straight  rail  HF'  at  some  pomt  F\  and  the 
frog  angles  i^and  F'  will  be  equal. 
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For  the  straight  rail  HF'  produced  backwards,  passes 
through  the  point  A,  making  an  angle  F  with  the  main 
track,  since  the  triangles  CBF  and  CHA  are  equal,  and  AB. 
=  BF,  Now  any  circle,  tangent  to  the  main  rail  at  A, 
will  intersect  the  Ime  AHva.  some  point  F\  and  since  AF'  is 
the  chord  of  the  arc,  the  angle  at  F'  equals  the  angle  at  Ay 
which  is  F.    Hence  F  =  F'\  and  the  angle  ACF'  =  2F. 

The  length  of  the  chord  AF'  is 


AF'  =  ^AC  sin  F 


The  chord  F'F'  =  ^F'C  sin  ^F'CF') 


(246) 


=  2 AC '  sin  U2F-  F") 

Hence,  F'F'  =  2(r'  +  fer)  sin(2i^-  \F')  (247) 

Example.— Let  F'  =  F  =    6"  43'  59"  and  F"  =  8**  47'  51' 

By  Table  XI.      r"  =  397.826 

Eq.  (247)  2{r'  +  W  =  800.360  log  2.903285 

jp^  _^jpn  ^o  ^,  ^3, 5        J      ^  8.609915 


F'F' 


32.60 


1.513200 


If  the  frog  F'  is  required  to  be  different  from  F,  then  the 
inside  curve  must  be  compounded  at  F',  giving  other  values 
to  the  length  and  radius  of  the  arc  F'F', 
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c.  We  asflume,  ikirdly,  that  the  curve  of  Ibe  middle  track  is 
rmeraed  at  F.     Fig.  67. 

In  the  diagram,  let  Q  be  the  centre  of  the  reversed  portion, 
and  P'  the  proper  position  of  the  frog  F',  and  C  the  centre 
of  the  required  are  F"F'.  Then  g  is  on  the  radial  line  CF, 
produced,  and  C  is  on  the  radial  line  F"C"  produced.  Join 
FQ  and  F'Q,  and  produce  C"F"  to  iotersect  these  lines  in  L 
and  M  respeclively.  Also  Join  F"Q,  and  denote  the  angle 
LFQby  I7and  the  angle  J?"CF"  by  §. 


In  the  triangle  FF"Q  we  kaow  F"F=  BF—  BF",  and  the 
side  FQ  is  given ;  and  the  included  angle  F"FQ  =  W  -^-F. 
Hence  we  may  calculate  (Tab.  II.  2S)  the  angle  F"^F&'a.A  the 
aide  F'-Q. 

The  triangle  CC"L  gives  the  angle  ^L  =  F'-  -F\  and  the 
triangle  F'LQ  gives  LF'-<i  =  L-  F"QF 

.-.    U=  F"  -  F-  F"QF  (348) 

In  the  triangle  F'QF"  we  have 

F"q  -  F-Q  :  F-Q  +  F"Q  ::  tan  HF'F"Q  -  F-F'Q) 

:  cot  U^'QF') 

But  F'F"Q  =  F'F"L  -f  17 and  F"F'(l  =  F'F'IS -  F",  and 

rtnce  F'-F"]/  =  F'F-'L,  we  have  by  subtraction, 

F'F'-q  -  F-FQ=  U+F' 


F-q-lrF-Q 
-y-'Q-  F"q 


*""*'2  =  >0-F-0**""*'^  +  ^''       <^> 
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(Now  the  aixg\e  FQF  =  C  -  F'QF,  a&d  1b  subtended  by  the 
chord  HF\  which  is  therefore  easily  found,  and  serves  to 
locate  tlie  frog  F\  and  frequently  this  is  all  that  will  be 
required.) 

In  <^e  triangle  F"QF\  the  half  sum  of  QF"F'  and  QF'F" 
is  90°  -*  1§,  while,  as  we  have  just  seen*  the  Tuxy  difference  is 
h.^'\-  ^')f  bence  by  adding,  we  have  the  greater,  or 

QF'F'  =  90*  +  ^U+  F'  -  §) 

The  triangle  G'F'M  gives  F"G'F'  =  F'  -  M,  while  the 
triangle  F'MQ  gives  M=  U  +  Q;  hence  F"C'F'  =  F'  - 
(^+  0);  and  denoting  the  radius  G  'F'  by  r'  +  \g, 

''  +  ^=.in^F^'-U^q)  (25« 

Example,— L^i  F  =  F'  ^  6"  43'  59*,  F"  =  8°  47'  51',  and 
FQ  =  958.013.  Then  by  Tab.  XL,  BF  =  80.036  and  BF  '  = 
61.204;  hence  F"F  =  18.882;  and  the  included  angle  is 
96"  43'  59". 

Solving  the  triangle  FF"Q  we  find  F'QF  t:iV  OT  18'. 
FF"Q  =  82'  08'  43',  and  F'Q  =  955.402.  Now  FQ  = 
i?^+^  =  957.720. 


F'Q  +  F"( 
F'Q-^F"i 


(240)    F'Q  +  F"Q    1918.122  log  8.281743 

2.318  **  0.865118 


( [7  0**  56' 84")  "  2.916630 

^U+F')  3''  50'  16'.5  log  tan  8.826231 

iQ  r02  08".4    "  cot  1.742861 


(250)  Q  2'  04'  16'.8    "  sin  8.658033 
^U+F'-^Q)  .                    2**48'08'.l     *'  cos 9.999480 

a558693 

F'Q  957. 720                                 log  2. 981289 

F"F'  34.683                                       1.539892 

(251)  KF'  -  CT-  e)  r  51'  34M  log  sin  8.511191 

2(r'  +  ^)  1068.32                                       8.088701 

r'  58181 


•  * 
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18B*  &h)en :  a  main  track,  eutved,  and  a  frog-an^le  F,  to 
hoaiU  a  twmoui  vn  the  inside  oft?ie  &ttn>e.    Fig.  68. 

Let  B  =  Oa     =  radius  of  main  track. 

**    r  =  Ca     =  radius  of  turnout. 

F  =  GFO  =  the  frog  angle. 


(( 


In  the  diagram  draw  tile  cbord  AF&nd  produce  it  to  inter- 
lect  the  outer  rail  at  G;  and  draw  FO  and  <6^0.  Since  the 
chords  AF  and  AG  coincide,    and  the  radii  AC  imd  AG 


Fig.  68. 

coincide,  the  chords  subtend  equal  angles  at  0  and  0  respec- 
tirely,  and  GO  is  parallel  to  FC.  (See  §187.)  Heface,  FOG 
=  CFG  =  F    Let  6  =  the  angle  FOA, 

In  the  triangle  FOA,  B  =  GFO  -  FAO  =  GFO  -  FGO; 
and  in  the  triangle  GFO,  G0+  FO  :  GO-FG::  tan  ^GFG 
+  FGO)  :  tan  HQFO  -  FGO),  ot^H  :  g  ::  cot  ^F  :  tan  i© 

.-.  tan ie  =  g^ cot *i^=  ^  (352) 

In  the  triangle  CFG, 

hi  the  triangle  BOF, 

BF  =  2(ij  -  \g)  sin  ^  (254) 

In  tl)e  triangle  aC^, 

Qf=^r  sin  4(27^+  0)  (256) 
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The  length  of  switch  AD,  for  a  given  throw  DK,  may  be 
found  thus:  from  Table  IV.  take  the  tangent  offsets,  t  and  t, 
corresponding  to  R  and  r  respectively,  and  assuming  that  the 
offsets  may  vary  as  the  squares  of  their  distances  from  the 
tangent  point,  we  have 

«-r  :  DKii  (100)«  :  AD^ 


.-.  AD  =  4/1000C^^  (256) 

r       t  ^  t 

This  result  is  practically  the  same  as  that  found  for  length 
of  switch  in  a  turnout  from  a  straight  line  with  the  same  frog, 
when  B  is  large. 

.Ejompfo.— Let  R  =  1482.69  and  J^  =  6°  48'  69'. 

Eq.  (252)       \g         2.854  log  0.371806 

\F  8°  21'  59'.5        log  cot  1.230440 


R( 

Tab.  IV.) 

1480.836 

462.856 
460.502 

1480.386 

1*  86'  59".8 

Z""  11'  59'.6 
9*^  55'  58'.6 

r35'59'.8 

log  1.602246 
"  8.156151 

log  tan  8.446095 

"  sin  8.746786 
"    "  9.236778 

R'\9 

9.510008 
8.155438 

f  +  ^g 

T 

(254)                2 

{R-\g) 

2.665446 

log  0.301080 

"  8.155438 

log  sin  8.445924 

BF       79.872  log  1.902399 

(265)  2r      921.004  "  2.964262 

^F  +  e)  4°  67'  69".3         log  sin  8.987381 

af       79.734  log  1.901643 

The  values  of  J?i^and  of  are  found  to  be  so  nearly  identical 
in  this  case  with  those  determined  in  case  of  a  turnout  from  a 
straight  line,  that  the  values  given  in  Table  XI  may  be  used 
at  once  for  ordinary  values  of  5;  and  the  degree  ofeurw  of  the 
turnout  in  this  problem  is  approximately  the  sum  of  the  degree 
of  curve  of  the  main  track  and  the  degree  of  curve  given  in 
Table  XI.  opposite  F.  Thus,  in  the  example  4°  +  8°  26'  = 
12*26'  .-.  r  =  401.7  nearly.. 
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187*  Oiven:  a  main  track,  curved,  and  a  frog-angle  F,  to 
hcate  a  turnout  on  the  outside  of  the  curve.    Fig.  69. 

In  the  diagram  draw  the  chord  AF,  and  produce  it  to  meet 
the  inner  rail  at  G;  and  draw  FO  and  00.  The  triangles 
CAF  and  OAO  are  both  isosceles,  and  have  the  angles  at  A 
equal;  hence  they  are  similar,  and  FCA  =  AOO.  Hence 
FOG  =  HFO  =  F.    LietB=  Oa,r=  Ca,  and  0  ;=  FOA, 


•■\- 


FlO.  09. 

In  the  triangle  FOA,  B  =  OAO  -  AFO  -  FGO  -  GFO; 
and  in  the  triangle  FOG\   FO  ^  GO  i   FO  -  GO  ::  tan 
^FGO  +  GFO) :  tan  ^{FGO  -  GFO),  or  2B   :  g  ::  cot  ^F 
:  tan  id 

.-.  tan  i©  =  2^  cot  iF=^  (257) 

which  is  identical  with  (252). 
In  the  triangle  CFO 

{r  +  ig)  =  (B  +  ^)^^'^l^^  (268) 

In  the  triangle  BOF, 

BF=:2(B  +  \g)  sin  iO  (259) 

In  the  triangle  a  Of, 

af=2r.  sini(F-0)  (260) 

For  a  given  throw%  the  length  of  switch  will  be 

AD  =  .AOOOO'^^  (261) 

f        t+t' 
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in  which  ^  and  t'  are  the  tangent  offsets  (Tab.  IV.)  corre- 
sponding to  M  and  r. 

In  this  problem,  as  in  the  preceding,  we  may,  for  ordinary 
values  of  B,  assume  the  values  for  ^^and  a/ given  in  Tab.  XL 
The  degree  cf  curifs  of  this  turnout  is,  appragimatefy,  d  —  2), 
taking  d  from  Tab.  XI.  and  D  from  Tab.  IV.  correspondiog 
to  B.    Should  D  ^  d,  this  turnout  becomes  a  straiji^t  line; 


Fia.  70. 

and  when  D>  d,  or  when  i?  is  less  than  r  given  in  Tab.  XI., 
the  centre  falls  on  the  same  skle  as  0.  Fig.  70.  In  this  case, 
using  the  same  notation,  id  is  given  by  eq.  (257). 

Eq.  (259)  BF=2(B+  ig)  sin  i© 

a/=3rswK0-i^)  (263) 

188.  A  tongue-switch  is  a  short,  stiff  switch  which. 

when  moved,  revolves  at  the  heel  as  on  a  pivot.  WtMn  ii  is 
thrown  over  to  the  turnout  track,  it  makes  an  abiTipt  angle 
with  the  main  track,  called  the  switch  angle;  but  in  this  posi- 
tion it  should  be  tangent  to  the  turnout  curve.  Tlie  Hie  of 
this  switch  is  generally  confined  to  yards  and  warehouses, 
where  but  little  space  can  be  afforded,  and  where  the  motion 
of  the  cars  is  always  slow. 

189.  Given:  a  straight  track,  a  frog-angle  Fy  and  the  length 
and  throw  of  a  tonffiieHSwitcli^  to  locate  the  twmouL 
Fig.  71. 
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Let  AB  be  the  length,  and  BK  l^e  tbr&w  of  switch,  and  let 
8  denote  the  switch-angle  DAK, 

Then         sin  B  =  -^  or  /S"  =  5T^8  —^  (264) 

(Compare  §86.) 

Let  C  be  the  centre  of  the  required  turnout,  and  in  the  dia- 
gram draw  CK  and  CF\  also  draw  DG  perpendicular  to  the 
straight  track.  Then  DGFs::  F\  and  in  the  triangle  KGG, 
KCF  =  KGF  -GKG,  and  since  GKA  is  a  right-angle,  GKG 
T^S  .'.  KGF=F-  S. 

Draw  the  chord  KF,  and  since  the  triangle  KGF  ia  isosceles, 
the  angle  GFK  =  90°  -  i(i^  -  8).  Now,  GFI  ==  W  -  F; 
hence  by  subtraction,  KFI  =  i(F+  8), 


ViQ,  71. 

If  g  denote  the  gauge,  we  know  KI  =  g  -^  JDK;  and  in  the 
right-angled  triangle  KIF,  we  have 

IF=KI.  cot  V,F+  8)  (265) 

^^-sini(?+^)  (^) 

Thase  equatii^iks  are  a^alogoi^i  to  eqs.  (299)  (280)  (281). 

lOO.  Given:  a  doable  turnout  UfUh  tongfuep- 
BwKcll,  from  a  straight  track;  to  find  the  an^y  F\  vf  the 
mUMe  frog. 

Assuming  F'  =^F  calculate  (r  +  \g)  by  the  last  equations. 
Since  the  rails  of  the  turnouts  intersect  on  the  centre  Une  of 
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the  straight  track,  as  in  Fig  63;  if  we  substitute  the  value  of  . 
F'  F,  eq.  (339)  in  eq.  (381),  we  bave  j 


(r  +  to  3 


a8inKJ'+ii?")siiii(P- 4P') 


and  by  Trig.  Table  II. 

r  +  te 


.8  1^'- 


(868) 

If  the  augle  of  the  middle  frog  to  be  used  does  not  agree 
with  F°  found  by  the  last  equation,  tlie  turnout  will  be  Ci 
pounded  at  F'. 

191.  Given:  a ^TaigMtraek.tlu frog-angle*  F,  F' and  F'. 
and  the  switch  angle  S|  to  locate  a  double  turnout. 
Pig.  72. 


Assuming  that  F'  shall  be  placed  on  the  centre  line  of 
the  straight  track,  let  A  be-  a  point  on  the  centre  line  at  the 
point  of  switch.  Then  hK  =.^  —  DK;  and  since  the  angle 
F'  is  bisected  by  the  centre  line  the  necessary  formuUe  in  this 
case  are  obtained  from  §189  by  simply  replacing  Fhy  ^F' 
and  if/ by  Aif;  and  in  the  first  members /J^'byAP' and  rby 
r'.    Ttiis  is  ubrious  1 .'  Ilic  stiuiluriiy  of  the  figures. 


Hence  hF' =  hK .vot  mF'  + S)  (269) 

'■+*»  =  arA?^)  <"" 

The  IcMsation  of  the  remaiiiiQg  frogs  is  a  problem  already 
discussed,  1 188,  eq.  (339),  etc. 

102.  Oinen;  a  straight  track,  the  frog  anylen  W,  F',  F',  and 
the  switch  angle  S.  to  Uxatea  double  turnout  on  one 
side.    Fig.  7a 


The  frog  F  is  located  by  §  189 ;  but  for  the  frog  F'  we  have 
evidently  a  double  throw;  hence  eqs.  (386)  (366)  (367)  become 

JF-  =  <s-  2BK)  cot  Ki*"  4-  85)  (373) 

^  J- 1«  =  —  _iS:F' ™., 


lb  locate  the  rtmaimng  frog  F' :  when  F'  falls  beyond  the 
line  CF,  there  are  three  cases, 
a.  The  middle  track  reversed  beyond  F. 

We  And  the  distance  F'Fby  subtracting  IF',  eq,  (372)  from 
IF,  eq.  (36S):  after  whicU  tiie  sgliiiion  is  identical  with  that 
giTenglSS,  c,  Pig.67. 
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b*  The  middle  track  compounded  at  F* 

Let  Q  be  the  centre  of  the  curve  beyond  F,  and  also  let  Q  = 
the  angle  F'QF";  and  let  U  =  the  an^le  CF^Q. 
Then  by  a  course  of  reasoning  analogous  to  that  of  case  &,, 

we  derive 

U=  F'  -r-  F+.F"qF  (375) 

cot  i<2  =  ^I^  +  J,^tan  V.TT+  F')         (276) 

Now  since  the  radius  F'Q  is  given,  and  the  angle  FQF'  = 
Q  —  FQF\  we  readily  determine  the  distance  HF',  and  so 
locate  the  frog  F'. 

In  the  triangle  F''QF',  the  half  mm  of  QF'F'  and  QF'F' 
is  90"  —  iQ,  while  the  hcUf  difference  is  ^U+F);  hence  by 
subtraction  we  ha^  the  less,  or 

F'F"Q  =  90°  -  K U.+  F'  +  Q) 

Hence  F'F'  =  F'Q  ,,,^^^;V  +  g)  ^"^ 

Join  G'Q,  and  the  quadrilateral  C'QP'F"  gives 

hence  F'G'F'  =  F'  -  17+  Q;  and  denoting  the  radius  C'F" 
by  r'  +  ^,  we  have 

Cor.  Since  the  centre  Q  is  assumed  at  pleasure,  it  may  be 
made  to  coincide  with  the  centre  (7,  and  then  the  compound 
curve  becomes  a  simple  curve.  Then  also,  the  above  formulie 
will  apply  when  F'  is  such  that  the  frog  will  come  on  the  arc 
IK  But  as  FQF'  will  be  greater  than  Q,  the  difference 
FQF'  will  be  negative,  indicating  that  the  distance  HF'  is  to 
be  laid  off  backwards  from  S. 

c.  The  middle  track  straight  beyond  F^and  tan- 
gent to  the  curve  at  F.     Fig.  74. 

Let  F'  be  the  required  position  of  the  frog  F'.  A  tangent 
to  thd  curve  at  F'  makes  an  angle  (F'  4-  ^)  with  the  main 
track,  and  a  tangent  at  F'  makes  an  angle  of  F'  with  the 
same ;  hence   the   angle   tliey   make  with   eack  other  if 
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(f  +  J"—  F'),  and  this  is  tho  oarrature  of  tba  aia  F'F', 
and  «qiuli  tbe  angle  F'O'F'. 

Produce  the  RCnUgbt  line  F'BiaokwarAt  to  0,  and  diav 
F'G  psTpei;dtculaT  to  it.    Then  F'O  =  FH—  F'F.  Aa  F,  w 


F'&  = 


-F'F.AaF 


&m 


I  the  riglit-aDgted  triangle  F'GF'.  the  angle  F'F'0  = 
-^F'-i-F-  F')  =  HF'  +  F'-F). 


F'F'  = 


~  iinUF'  +  F'-F) 
and  GF'  =  F'F' .  cos  V.F'  +  F'  —  F) 

Observe  that  QF'  cannot  be  less  than  OH  =  F'F . 


(seo) 

(381) 


103.  Bieen:  a  turnout  leith  a  frog  attgleF,a7td  the  p«rpen~ 
iiealaT  dktanee  p  betaeen  the  eenh-e  tinef  of  the  mata  and  tide 


fatke;  to  fln4  the  radivM  vi^fOie  curve  connecting  the 
turnout  with  the  sidetrack.    Fig.  75, 
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Let  the  reversiDg  point  be  taken  at  F,  and  let  Q  on  CF'pto- 
duced  be  the  centre  of  the  required  curve,  and  draw  (^M  per- 
pendicular to  the  main  track.  Then  ©Jf  =  C^=  **  -"  i5^;  the 
point  M  is  the  point  of  tangent,  and  the  angle  FQM  =  F. 

Now  -^  being  the  intersection  of  the  rail  ^i^with  the  radius 
QM,  we  have  MN=  QF  vers    F,  but  MN=p  —  g\  hence 

r^\g^-^^^  (282) 

^      versjT  ^      ' 

The  distance  FNi&  evidently 

FN={r-\g)AnF  (283) 

and  the  chord  to  the  centre  line  is 

/m  =  2r  sin  \F  (284) 

Should  the  distance  FN  consume-  too  much  of  the  track,  it  may 
be  lessened  by  introducing  a  short  tangent  at  F,  denoted  by  A;; 
then  by  eq.  (48)  the  radius  will  be  shortened  by  an  amount 
equal  io  k,  cot  ^F,  and  the  distance  i^JV  will  be  shortened  by  k. 

Since  the  tangent  k  reduces  the  length  of  the  tangent  offset 
of  the  entire  curve  by  A; .  wn  F,  we  have  for  the  new  radius  r* 

^_  p-9'kAnF 

When  r'  is  fixed  by  a  limit,  we  obtain  k  by  resolving  eq.  (285) 

_  l>-^~(/-igr)ver8i^  2^ 

*  -  ^F ^^^ 

In  case  the  main  track  is  but  slightly  curved,  we  may  at  first 
assume  it  to  be  straight,  and  find  r  as  above,  eq.  (282),  and 
the  degree  of  curve  corresponding  to  r;  but  tills  degree  of 
curve  must  then  be  increased  or  diminished  by  the  degree  of 
curve  of  the  main  track,  according  as  the  track  is  concave  or 
convex  toward  Q. 

194.  Given :  the  perpendicular  distance  p  between  the  centre 
lines  of  a  curved  main  track  and  a  parallel  side  track,  and  the 
frog  angle  Fofa  turnout;  to  find  the  radius  r  of  the  connecting 
curve,  and  the  length  FN,  or  fm,  of  the  curve.    Fig.  76. 
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Let  FN  be  the  raU  of  the  main  track,  and  OM  the  rail  of 
the  siding,  adjacent  to  each  other;  let  0  be  the  centre  of  the 
main  track,  and  Q  the  centre  of  the  connecting  curve.  Then 
the  connecting  curve  will  terminate  at  tw,  on  the  line  OQ  pro- 
duced. 

In  the  diagram  draw  MFy  and  produce  it  to  intersect  the 
rail  MG  at  Q,  and  join  GO,  FO,  and  Fq, 

Let  R  =  radius  of  centre  line  of  the  main  track;  r  =  radius 
of  centre  line  of  the  connecting  curve;  and  9  =  the  angle 
FOM, 

Case  a. — The  siding  outside  the  main  track.    Fig.  76. 
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By  similarity  of  the  triangles  QOM  and  FQM,  GO  is  paral- 
lel to  FQy  and  the  angle  GOF  =  F\  and  by  a  process  similar 
to  that  of  §  186,  we  have 

tan  iO  =  2^^  cot  \F  (287) 

r-t7  =  (i?+i^)-.^^^j  (288) 

FNz^2(R  +  ^)  sm  \B  (289) 

fm  =  2r.  sin  i(i^+  0)  (290) 

Case  b. — The  siding  inside  the  main  track.    Pig.  77. 
By  a  process  entirely  similar  to  §  187,  we  have 

tan  ie  =  ^^  cot  iF  (291) 
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Iff      fJ?       1^1        ""' 

(293) 

iff      ("      Wgin(jp_8j 

FN  =  2(B  -  m  sin  la 

(293) 

/™  =  a7-siin(j'-e) 

(2W) 

When  6  =  Pin  the  last  equaHons,'  sin  (F  -  fl)  =>  0,  and  r 
}?  Is  intinite,  and  the  curve  FM  becomes  a  Btmight  line. 


>  F,  sin  (P—  6)  le  negative,  and  the  centre  C  Mia 
e  side  of  the  track  as  0,  and  we  have 


r  +  ig  =  (n-  fe)giH  (6 --^  <*"* 

/m  =  3r  .  sin  KS  -  -F)  (896) 

Equations  (391)  and  (393)  remain  unchanged. 

195.  To  locate  a  crossiog  between  paraGel  traela. 
Fig.  78. 
When  a  turnout  from  one  track  enters  a  parallel  track  by 

means  of  another  frog  and  switch,  the  whole  is  called  a  cross- 
ing. The  frogs  are  alike,  and  the  calculation  for  one  end  of 
the  crossing  aDsvers  for  the  other.  %%  180.  161.  We  have 
only  to  find  the  length  of  track  between  the  two  frogs. 

In  the  diagram  let  AF  be  one  turnout,  and  A'F  the  other, 
connected  by  the  straight  track  F'Q.  It  ia  required  to  deter- 
Dune  the  length  F'O,  or  the  distance  FN  measured  on  tbe 
main  track  from  F  to  a  perpendicular  through  F'.  Produc- 
ing the  line  F'G  to  intersect  the  rail  NFat  H,  we  have  two 
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ri^t-anglea  trlan;^.  OFS  soA  F'NE.  hBTtntf  the  MtDtnob 
angle  »i  H  —  F.  Let  p  =  the  perpendicular  dlstaoce  between 
centre  liaes  of  maia  trooks,  and  g  =  gauge.  Then  OF  =  g, 
and  F'N  =  {p-g.) 

F'Q  =  F'S-  03=  ^^-  GFcotF 


So  FIf=NM-  FS  =  (p-ff)cotF~-^^    (298) 

When  the  main  tracie»  are  eiimed  the  distance  F'G  may  be 
calculated  by  tlie  same  formula  (397)  which  pves  a  value  only 
H  Traction  too  small,  but  in  laying  the  track  the  rail  F'O  must 
be  curved  to  a  radiu*  which  la  to  £  of  the  main  track  as 
F'G  :  JfF. 

lOO.  W^en  p  is  large,  or  the  tra«A:i  are  fery  wide  apart,  it 
Till  effect  some  saving  of  room  tolagths  eroaing  in  the  form 
of  a  reversed  curve;  and  the  frogs  being  alike,  the  two 
arcs  will  be  equal,  aud  the  point  of  reversed  curve  Pwill  be 

midway  between  J^'and  F'.    Fig.  79. 


In  the  diagram  we  have  aPi^  the  centre  line  of  the  cross- 
ing, and  Pi  the  centre  hue  between  tracks;  aL  =  kp>  and 
aC  =  a'C'  —  r.  The  radius  r  having  been  found  by  §  180  or 
^  181,  we  have 

vers  aeP=^  (S99) 

tnd  PL=r&i^aCP  (800) 
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The  distance  between  frogs,  FN,  measured  on  the  main  track 
is  evidently 

FN^  2{PL  -  BF)  (301) 

in  which  j^i^'is  determined  by  eqs.  (309),  (213),  or  by  Tab. 


197.  To  lay  a  crossing  in  the  form  of  a  reversed, 
curve,  when  the  paraUel  trcLcks  are  on  a  curve.    Fig.  80. 
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Let  0  be  the  centre  of  the  main  curve,  C  and  C  the  centres 
of  the  reversed  curve. 

Then  in  the  triangle  GOG*  we  know  all  three  sides;  for  CO 
z=  B-\-r\  GG  =  r  -\-r\9,n&00=  R  +  p-r'\  and  the  half 
sum  of  the  three  sides  is  «  =  JS  -|-  ?*  +  ^p. 

Denoting  the  angle  GOG  by  <p,  we  have  (Trig.  Tab.  II.  31) 


vers  <p  = 


P{r  +  r'  -  ip) 


(302) 


{B+r)(E+p-r') 

The  angle  <?>  determines  the  length  of  the  arc  BN  described 
with  the  radius  (B  +  ^)  and  so  fixes  the  position  of  the  point 
A'  from  A. 
By  a  formula  similar  to  the  above, 


yeTsG'GO  =  f^^-;'+J^\ 
(B  +  r)  (r  +  r) 


(803) 


TURN^OUTS.  175 

The  angle  O'GO  determines  the  length  of  the  arc  aP 
described  with  the  radius  r;  the  angle  ((p  +  C'CO)  =  CCA 
determines  the  length  of  the  arc  Pa\  and  P  is  the  point  of 
reversed  curve. 

In  this  problem  B  is  known,  r  is  found  by  §  187,  and  r'  is 

found  by  §  186,  only  observing  that  in  this  case  the  value  of 

R  must  be  increased  by  p.    The  frog  angles  ^and  F'  may  be 

equal  or  otherwise,  only  taking  care  that  the  point  P  shall  be 

'  included  between  the  radii  C'F'  and  CF, 

The  angle  FOC  =  Q  is  given  by  eq.  (357),  and  the  angle 
F'OC  =  0'  is  given  by  eq;  (252)  (in  which  tlie  value  of  R  is 
lo  be  increased  by  |));  hence  the  angle  FOF'  =  ^  —  (0  +  0'), 
which  determines  the  distance  between  the  frogs,  measured  on 
the  main  track. 

198.  To  find  the  middle  ordinate  m,  for  1  sta- 

i  tion,  or  IQ^  feet,   on  any  curve,  in  terms  of  tTie  degree  of 
j  curve  D, 

Referring  to  Fig.  4  we  have  in  the  right  triangle  AOH 

QH=  GA.  tan  GAH 

But  GA  =  iAB  =s  i(7,  and  (Tab.  I.  18)  GAH  -iAOB  =  i  A ; 
hence 

Jf=i(7.taniA  (804) 

a  general  expression  for  the  middle  ordinate  of  any  chord. 

If  in  this  equation  we  make  C  =  100,  A  becomes  D;  and 
denoting  the  corresponding  value  of  Jf  by  m,  we  have 

m  =  ilOO  tan  iD  (305) 

whence  the  rulet  MtUtiply  the  nat.  tangent  of  ^  the  degree  of 
mrve  by  100  and  dmde  by  2,  Thus  the  values  of  m  in  Uie  5th 
column  of  Tab.  IV.  have  been  calculated 

199.  To  find  the  middle  ordinate  for  any  chord  in 
terms  of  the  chord  and  radius 

Referring  to  Fig.  4  we  have 

GH=OE-  0G=  OE-  V302-  GJ> 

9r  Jf=-B-4/^«HZ?  (806) 


^=^-A-(ir 


1 

i 
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I 

Whan  (;  s  100  we  h^ye  for  the  Qliddle  ordinato  of  one 
itatiQn 


m  =  J?  -  VB^  -  2500  (807) 

For  any  subchord  c,  less  than  100,  we  have  for  the  middle 
ordinate, 


or  ''*^  }■         (30^ 

By  adding  ^j^  to  the  quantity  under  the  radical  in  eq.  (308) 
it  becomes  a  perfect  square,  giving 

w,  c=  gg-  neariy,  (909) 


which  is  a  ¥ery  useful  formula,  although  approximate.  The 
error  in  mi  does  not  exceed  .002  for  anjr  subchord  c  when  the 
radius  is  greater  than  800.  On  a  20**  curve  the  error  will  be 
.002  for  a  chord  of  50  f^t;  and  on  a  40''  curve  the  ^ror  in  Mi 
will  be  only  .003  for  a  chord  of  33  feet.  Equation  (SW)  ia 
thepefpre  practically  corre^pt  in  aU  cases  for  finding  the  middle 
(yrdinatea  of  rails.     Table  XII.  is  calculated  by  eq.  (308). 

200.  CnrvinsT  Bails.  Before  any  mil  u  spiked  to  its 
place  in  a  curve,  it  must  be  evenly  bent  from  end  to  end,  so 
that  It  will  assume  the  proper  curvature  when  lying  free. 
The  bending  may  be  done  by  using  sledges,  but  is  best  aocom- 
plished,  especially  for  turnouts  and  other  sharp  curves,  by 
using  a  bending  machine  made  especially  for  this  purpose. 

The  proper  curvature  of  a  rail  is  tested  by  measuring  its 
middle  ordinate  from  a  ^mall  cord  stretched  from  end  to 
end  and  touching  the  side  of  the  rail-bead.  The  coid  ahouUI 
also  be  stretched  from  the  middle  point  of  the  sail  to  eitiier 
end,  and  the  middle  ordinate  of  each  half  length  measured, 
to  test  the  uniformity  of  curvature. 

From  the  last  equation  it  appears  that.,  with  a  given  radius, 
the  middle  ordmatc  varies  nearly  as  the  square  of  the  chord. 
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We  may  therefore  find  the  middle  ordinate  of  a  ndl  whose 
length  is  e  by  the  proportion 

(100)»  :  c*  ::  m  :  wit 

or,  mi  =  jQ^  nearly,  (310) 

In  which  wi  is  obtained  from  Tab.  IV.,  col.  5,  for  the  given 
radius  or  degree  of  curve. 

Example, — What  is  the  middle  ordinate  of  a  80  ft.  rail 
when  curved  for  a  20*  curve? 

17    /OH AN                     ^00  X  4.874        on^      A»- 
Eq.  (310)  mi  = j^^ =  .894  =  4|  m. 

When  a  long  rail  is  bent  for  a  sharp  curve,  observe  that  e  is 
the  length  of  the  chord  of  the  rail — not  of  the  rail  itself. 

For  the  chord  of  half  a  rail  the  middle  ordinate  is  one-fourth 
the  middle  ordinate  of  the  whole  rail.  Thus,  in  the  above  ex* 
ample  it  would  be  .099  or  1^  inches.    . 

Instead  of  using  the  chord  of  the  whole  rail,  it  may  be  more 
convenient  to  assume  a  chord  shorter  than  the  rail,  especially 
when  the  chord  is  not  an  exact  number  of  feet,  knotting  the 
string  to  the  length  assumed,  and  applying  it  to  different  por- 
tions of  the  rail  successively. 

201.  Blevation  of  the  outer  rail  on  curves. 

When  a  car  passes  around  a  curve,  a  centrifugal  force  is 

developed  which  presses  the  flanges  of  the  wheels  against  the 

outer  rail.    This  force  acts  horizontally,  and  varies  as  the 

square  of  the  velocity,  and  inversely  as  the  radius  of  the 

curve.    Denoting  the  centrifugal  force  by/,  we  have  from  the 

tf  ■©*  ■ 
theory  of  mechanics  /=  -qo  -laa  j>>  ^^  which  w  =  weight  of 

loaded  car  in  pounds,  « =  velocity*  in  feet  per  second,  and 
B  =  nuiius  of  curve  m  feet. 

In  Fig.  81,  let  ab  represent  a  level  line  at  right  angles  to  the 
track,  let  a  and  e  be  the  tops  of  rails  on  a  curve,  \ethe  =  e  = 
elevation  of  outer  rail  c,  and  let  the  point  d  be  the  centre  of 
gravity  of  the  car.  The  force  /  acts  m  the  direction  ab,  and 
if/'  =  the  component  of/ in  the  direction  ac,  then 

f  if  It  ab:  06. 
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The  weight  to,  resting  on  the  inclined  .plane  ac,  developes  a 
component  in  the  direction  ea,  and  denoting  this  by  w',  we 
have  by  similar  triangles, 

to'  :w  ::  be  :  ae. 


Since  equilibrium  requires  that  w'  shall  equal/',  we  have  after 
dividing  one  proportion  by  the  other  —  =  —j-,  or  /=  — iv— . 
Equating  this  value  of/ with  that  given  above  we  find, 

^^  32.166  i2 
But  ab=  r  fl^s  _  ^9^  and  ^c  =  distance  between  rail  centres  = 

gauge  +  one  rail  head  =  ^  +  0. 188.  Also  «  =  -^^  V,  if  V  de- 
note the  velocity  in  miles  per  hour.  Making  these  substitu- 
tions and  reducmg,  we  have 

F* 
.06688-- 

«  =  (^  +  .188) ^  (311) 


yi  +[.06688-^y 


By  this  formula  Table  XIII.  is  calculated  for  the  standard 
gauge  5r=:  4' 8i',  =  4.708. 

An  approximate  formula  may  be  obtained  by  assuming  that 
ab  —  g  for  practicable  values  of  e,    Substitutmg  this  m  the 

5280 
first  value  of  e  given  above,  and  replacing  «  by  -f^^  K'  we 

have 

(approx.)  «  =  . 06688^  (312) 

which  is  the  formula  generally  employed. 
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In  laying  a  new  track,  the  transverse  inclination  is  first 
given  to  the  ballast  by  grade  pegs  driven  either  side  of  the 
centre  line  at  a  distance  of  {g  -f-  .188)  each  side  of  the  centre; 
the  outside  peg  being  set  higher,  and  the  inside  peg  lower 
than  the  grade  of  ballast  on  the  centre  line,  by  the  proper 
elevation  selected  from  Table  XIII.  But  in  re-surfacing  an 
old  track,  the  inner  rail  is  taken  as  grade  and  the  outer  rail  is 
raised  the  necessary  amount. 

202.  The  proper  elevation  may  be  found  mechan- 
ically by  the  following  method: 

To  find,  on  a  curved  track,  the  length  of  a  chord  whose  middle 
ordinate  shall  eqiuU  the  proper  elevation  of  the  outer  rail  for  any 
ffdodty  V  in  miles  per  hour. 

By  the  conditions  of  the  problem,  we  have  mi  in  eq.  (909) 
equal  to  e  in  eq.  (312),  or 

^__  ^F»  .06688 

c  =  . 73144  Fi^  (313) 

When^  =  4.708, 

e  =  1.587  V  (314) 

Lay  off  the  chord,  c,  upon  the  rail  of  the  track,  stretch  a 
piece  of  twine  between  the  points  so  found,  and  measure  the 
middle  ordinate;  it  will  equal  the  proper  elevation. 

203.  The  velocity  assumed  in  the  preceding  formulae 
should  be  that  of  the  fastest  regular  trains  which  will  pass 
over  the  curve  in  question,  since  tlie  flanges  would  be  forced 
against  the  outer  rail  were  there  no  centrifugal  force  devel- 
oped, by  reason  of  the  wlieels  being  rigidly  attached  to  the 
axles,  and  the  axles  being  parallel. 

The  rails  on  tangents  should  be  level  transversely,  except 
near  curves,  where  for  50  or  100  feet  from  the  curve  one  rail 
is  gradually  raised,  so  that  at  the  P.  G.  or  P.  T.  it  may  have 
the  full  elevation  due  to  the  curve.  At  a  P.  C.  C.  the  elevation 
should  be  an  awrage  of  the  elevations  due  to  the  two  arcs. 
Owing  to  the  difficulty  of  properly  adjusting  the  elevation  of 
rail,  it  is  objectionable  to  have  arcs  of  very  dissimilar  radii 
join  each  other;  and  the  objection  is  much  greater  in  the  case 
of  reversed  curves  unless  separated  by  a  short  tangent.    Bee 

§8a 
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On  the  oUaBt  baikd,  ft  short  tangent  between  arcs  which 
curve  in  the  same  direction  should  be  aToided^  since  it  makea 
a  ''flat  place"  both  in  line  and  levels,  at  once  unsightly  and 
injurious  to  the  rolling  atock. 

In  the  case  of  turnouts^  however,  no  elevation  of  rail  is  pos- 
athle  (except  wl:ben  both  tracks  corve  in  the  same  direction); 
hence  reversed  curves  are  allowable,  the  speed  of  trains  being 
usually  quite  low  also. 

204*  The  coning:  of  the  wheels^  by  which  the 
wheel  on  the  outer  rail  gains  a  diameter  enough  larger  than 
the  oUier  to  compensate  for  the  superior  length  of  the  outer 
rail,  alUiough  a  theoretically  perfect  device,  is  gradually  going 
into  disuse.  To  be  effective'  for  the  sharpest  curves,  the  coning 
must  be  so  great  m  to  produce  an  unsteady  motion  on  tan- 
gents, very  objectionable  at  high  speeds.  Moreover,  it  is  un- 
desirable to  seek  for  an  equilibrium  of  lateral  forces  in  a  car 
on  a  curve,  since  the  flanges  are  then  sure  to  strike  the  inner 
and  outer  rails  alternately  with  damaging  force,  as  that  equi- 
librinm  is  momentarily  disturbed.  It  is  far  better  that  the 
flange  should  press  steadily  against  the  outer  rail,  while  that 
pressure  is  modified  and  reduced  somewhat  by  the  elevation 
of  the  rail.  For  these  and  other  reasons,  car-whoels  are  now 
made  nearly  cylindrical. 
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CHAPTER  VIIL 

205*  The  field  operations  with  the  Engineer's  Lerel  are  of 
a  more  simple  character  than  those  performed  with  the  transit, 
yet  require  equal  skill  and  nicety  of  manipulation  in  order  to 
produce  trustworthy  results.  The  transit  is  used  to  ascertain 
the  relative  horizontal  position  of  points,  the  level  to  obtaiu 
their  relative  vertical  position, 

206.  In  order  to  express  the  elevation  of  points,  they  must 
be  referred  to  some  level  mrfaee  of  known  (or  assumed)  eleva^ 
tlon;  and  in  order  that  the  elevations  may  all  he  positive  up- 
ward, this  surface  of  reference  should  be  selected  below  all  the 
points  to  be  considered.  The  level  surf aoe  of  reference  is  called 
the  datum. 

The  ekvaMon  of  the  da^m  i$  ailways  zero.  The  elevation  of  any 
paint  u  itB  vertical  height  above  the  datum. 

Near  the  coast  the  sea  level  is  usually  adopted  as  the  datum; 
inland,  the  low  water  mark  of  a  river  or  lake,  etc. ;  but  it  is  not 
necessary  that  the  daMm  should  coincide  with  a  water  surface. 
If  any  points  whose  elevations  are  to  be  asoertained  are  below 
the  water  surface,  the  latter  may  be  assumed  to  have  an  eleva* 
tioQ  of  100  or  1000  feet  instead  of  zero;  that  is,  we  remove  the 
datum,  in  imagination,  to  100  or  1000  feet  below  the  level  of 
the  water  surface. 

207«  In  case  of  a  survey  commencing  at  a  point  quite  ro< 
mote  from  any  important  water  surface,  any  permanent  point 
may  be  selected  as  the  original  point  of  reference,  and  its  ele< 
vation  may  be  assumed  at  100  or  any  other  number  of  feet; 
that  is,  we  fix  the  datum  at  the  same  number  of  feet  below  that 
point.  The  point  of  reference  is  called  a  bencJi,  or  bench- 
mark, and  is  designated  by  the  initials  B.M,  Other  benches 
are  established  at  intervals  during  a  survey,  and  their  eleva- 
tions determined  instrumentally.    They  are  then  convenient 
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points  of  known  elevation  for  future  reference.  We  cannot 
assume  the  elevation  of  more  than  one  bench  on  the  same  sur- 
vey, else  we  should  have'  more  than  one  datum,  and  all  the 
results  would  be  thrown  into  confusion. 

208*  Having  established  the  first  bench  and  recorded  its 
elevation,  the  next  step  is  to  set  up  the  instrument  firmly  at  a 
moderate  distance  from  the  bench,  so  that  the  telescope  shall 
be  somewhat  higher  than  the  bench,  and  in  full  view  of  a  rod 
held  vertically  upon  it.  The  instrument  having  been  tested  for 
its  several  adjustments,  and  found  to  be  correct,  the  line  ofsigJU 
through  the  intersection  of  the  cross-hairs  is  known  to  be  hori- 
zontal when  the  bubble  stands  at  the  middle  of  its  tube.  Turn- 
ing the  line  of  sight  upon  the  rod,  the  point  of  the  rod  covered 
by  the  horizontal  cross-hair  is  known  to  be  on  a  level  with  the 
cross-hair;  and  the  latter  is  therefore  higher  than  the  bench  by 
the  distance  intercepted  on  the  rod  from  its  lower  end.  Add- 
ing this  distance  to  the  elevation  of  the  bench,  we  obtain  the 
elevation  of  the  cross-hair,  known  technically  as  the  **  HLeig^ht 
of  Instrument,*'  and  designated  by  the  initials  IT./. 

209.  The  distance  intercepted  on  a  rod  from  its  lower  end 
by  the  line  of  sight,  When  the  rod  is  held  vertically  on  any 
given  point,  is  called  the  reading'  of  the  rod  at  that  point. 

2 ID*  Having  obtained  the  height  of  instrument,  the  eleva- 
tion of  any  point  somewhat  lower  than  the  cross-hair  is  easily 
ascertained  by  taking  a  reading  of  the  rod  upon  it.  The  read- 
ing subtracted  from  the  height  of  instrument  gives  the  eleva- 
tion of  the  point  above  the  datum.  The  elevation  of  any  num- 
ber of  other  points  may  be  similarly  obtained.  But  the  eleva- 
tion of  points  on  the  ground  higher  than  the  cross-hair,  or 
farther  below  it  than  the  length  of  the  rod,  cannot  be  deter- 
mined,  because  in  either  case  the  line  of  sight  will  not  cut  the 
rod,  and  hence  there  can  be  no  reading.  In  order  to  observe 
such  points,  the  instrument  must  be  removed  to  a  new  posi- 
tion, higher  or  lower  than  before,  as  the  case  may  require. 

211*  Before  the  instrument  is  removed  to  a  new  position, 
a  temporary  bench,  called  a  Turning:  Point  (and  designated 
by  jT.P.or  ''Peg'")  must  be  established,  aud its  elevation  aacer* 
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tained  as  for  any  other  point,  but  with  more  care.  A  turning 
point  must  be  a  firm  and  definite  point  whose  position  cannot 
readily  be  altered  in  the  least,  nor  lost  sight  of.  A  small  stake 
finnly  driven,  or  a  point  of  rock  projecting  upward,  is  fre- 
quently used.  The  reading  having  been  taken  on  the  turning 
point,  the  instrument  is  carried  forward  to  a  new  position, 
levelled  up  properly,  and  the  new  Height  of  Instrument  ob- 
tained by  a  new  reading  on  the  same  turning  point.  Since  the 
cross^hair  is  higher  than  the  point  (otherwise  there  could  be  no 
reading)  the  reading,  added  to  the  elevation  of  the  point,  gives 
the  Height  of  Instrument. 

212.  In  general,  the  intersection  of  the  cross-hairs  being 
higher  than  any  point  on  which  a  reading  is  taken: 

To  find  the  Height  of  Instrument^  add  the  reading  on  a  point 
to  the  elevation  of  the  point;  and 

To  find  the  Elevation  of  a  point,  subtract  t?ie  reading  on  it 
from  the  Height  of  Instrument. 

A  reading  taken  for  the  purpose  of  finding  the  Height  of 
Instrument  is  called  a  Hacksight  (B.S).  A  reading  taken 
for  the  purpose  of  finding  the  elevation  of  a  turning-point  (or 
of  a  bench  used  as  such)  is  called  a  Foresigrlit  (F.S).  Hence 
Backsights  are  always  pltts,  and  Foresights  always  mintts, 

213.  The  form  of  field-book  used  for  the  survey  of 
a  railroad,  or  other  continuous  line,  is  shown  below.  The  first 
column  contains  the  numbers  of  the  stations  on  the  line  and 
of  plus  distances  to  other  points  on  the  line  where  readings  are 
taken — also  the  initials  of  benches  and  turning  points,  in 
order,  as  they  occur.  The  second  column  contains  the  back- 
sights, taken  on  points  of  known  elevation  only.  The  third 
column  contains  the  height  of  instrument,  recorded  on  the 
same  line  as  the  elevation  of  the  turning  point  (or  bench)  from 
which  it  is  calculated.  The  fourth  column  contains  the  fore- 
sights, taken  on  new  turning  points,  and  benches  used  as  such, 
only.  The  fifth  column  contains  the  readings  taken  on  all 
other  points  noted  in  the  first  column.  The  sixth  column  con- 
tains the  elevations  of  all  points  observed.  The  right-hand 
page  is  reserved  for  remarks,  descriptive  of  the  benches  and 
their  location— of  objects  crossed  by  the  line,  as  roads,  streams, 
swamps,  ditches,  etc. ;  the  depths  of  streams,  etc. 
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LEVEL  BOOK. 


Sta. 


B.M. 

0 

1 
-f  50 
Peg 

2 
4-25 
4-50 

8 
Peg 
Peg 
+  90 

4 
B.H. 

5 

6 
Peg 

7 


B.S. 

H.I. 

F.S. 

Rod. 

Elev. 

4.688 

204.688 

2.1 
3.4 
5.2 

200.000 
202.6 
201.3 
199.5 

1.791 

197.260 

9.214 

3.7 
7.0 
3.1 
0.5 

195.469 

198.6 

190.8 

194.2 

196.8 

11.750 

208.574 

0.486 

196.824 

11.938 

219.528 

0.979 

8.5 

2.6 

2.07B 

1.7 

0.9 

207.695 
216.0 
216.9 
217.458 

217.8 
218.6 

9.005 

927.801 

0.782 

218.796 

% 

6.2 

221.6 

89.162 

11.361 

Remarks. 


White  oak,  115  R. 


Brook5wide;  1  deep 


Maple,  78  L. 


When  a  bench  is  not  used  as  a  turning  point,  the  reading  on 
it  is  recorded  in  the  fifth  column. 

Tlie  numbers  in  the  second,  fourth,  and  fifth  columns  come 
directly  from  the  rod,  those  in  the  third  are  obtained  bj 
addition,  those  in  the  sixth  by  subtraction,  according  to  the 
rule  given  above.  The  additions  and  subtractions  made  on 
each  page  should  be  proved  before  proceeding  to  the  calcula- 
tions of  the  next.  When  correct,  the  difference  of  the  sums 
of  the  backsights  and  foresights  on  the  page  equals  the  differ- 
ence of  the  first  and  last  elevations  on  the  page.  Thus,  in  the 
form  given 

(80.162  -  11.361)  =  (227.801  -  200.000)  =  27.801 

In  this  proof  we  ignore  all  elevations  except  those  of  turn- 
ing points^  and  benches  used  as  such,  and  the  height  of  instru- 
ment. 

At  the  end  of  the  survey,  as  well  as  at  the  end  of  each  day's 
work,  a  bench  is  established  from  which  the  survey  may  be 
resumed  at  any  future  time     See  §§  28,  29,  and  80. 


214.  The  object  of  making  such  a  survey  with  level  and 
rod  is  to  furnish  a  profile  or  vertical  section  of  the  entire 
line,  showing  in  detail  the  rise  and  fall  of  the  surfaco  over 
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which  it  passes.  Tlie  profile  is  plotted  on  profile-paper  pub. 
llshed  for  the  purpose,  the  horizontal  scale  being  usually  400 
feet  to  an  inch,  and  the  vertical  scale  30  feet  to  an  inch.  This 
distortion  of  scale  magnifies  the  vertical  measures  so  that 
slight  changes  in  the  elevation  of  the  surface  may  be  seen 
distinctly. 

215.  When  only  the  diiference  of  level  of  two  extreme 
points  is  required,  the  survey  is  more  simple.  No  readings 
are  taken  except  on  turning-points,  the  backsights  and  fore- 
sights being  recorded  in  separate  columns.  No  calculation  is 
required  until  the  survey  is  finished,  when— the  first  reading 
having  been  taken  on  one  of  the  given  points,  and  the  last  on 
the  other — the  difference  of  the  sums  of  the  backsights  and 
foresights  is  the  difference  in  elevation  of  the  two  points,  ac 
cording  to  the  method  of  proof  mentioned  in  §  213.  Thus  the 
difference  in  level  of  any  two  benches  established  on  a  previ- 
ous survey  may  biB  tested,  and,  if  found  correct,  all  the  inter- 
mediate elevations  on  the  line  may  be  assumed  to  be  correct 
also.  The  discrepancy  should  not  exceed  one  tenth  of  a  foot 
in  any  case,  and  is  usually  much  less. 

216.  Any  lack  of  adjustment  in  the  instrument  gives 
the  line  of  sight  a  slight  angle  of  elevation  or  depression, 
causing  a  slight  error  in  every  reading,  proportional  to  the 
distance  of  the  rod  from  the  instrument.  But  the  errors  being 
equal  for  equal  distances,  and  the  backsights  and  foresights 
having  opposite  signs  in  our  calculations,  the  errors  cancel 
when  the  distances  are  equal.  Hence,  to  avoid  errors  in  ele- 
vation, each  new  turning-point  should  be  as  nearly  as  possible 
at  the  same  distance  from  the  instrument  as  the  point  on  which 
the  last  backsight  was  taken.  For  precise  reading,  the  rod 
should  not  be  more  than  400  feet  from  the  instrument. 

217.  Another  cause  of  error  in  readings  is  want  of  verti- 
cality  in  the  rod.  This  may  be  avoided  by  the  use  of  a  disk- 
level,  or  in  the  absence  of  wind,  by  balancing  the  rod.  The 
rod  may  be  plumbed  one  way  by  the  vertical  cross-hair  of  the 
level,  and  to  ensure  a  vertical  reading  in  the  plane  of  the  line  of 
light,  the  rod  may  be  gently  waved  each  side  of  the  vertical 
toward  and  from  the  Izistrumenti  the  ehorUit  reading  being 
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the  corr^t  one;  or  in  case  of  a  target  rod,  the  target  should 
rise  tOf  but  not  <ibave  the  horizontal  cross-hair,  as  the  rod  is 
waved. 

218*  When  very  long  sights  are  required  to  be  taken  with 
the  level,  another  source  of  error  must  be  considered,  namely, 
the  curvature  of  the  earth. 

A  level  line  is  parallel  to  a  great  circle  of  the  earth,  and  is 
therefore  an  arc  of  a  circle,  or  may  be  so  considered. 

A  horizontal  Une  is  a  straight  line  parallel  to  the  plane  of  t;he 
horizon.  Therefore  the  line  of  sight,  being  a  horizontal  line, 
is  tangent  to  the  circle  of  a  level  line  passing  through  the  in< 
strument. 

To  find  the  correction  in  elevation  dtte  to  curvature  of  the 
earth  for  any  distant  staMon,    Fig.  82. 


Fio.  82. 

Let  A  be  the  station  of  the  instrument  7,  and  B  the  distant 
station  observed. 

Let  i^o  =  CI=  the  radius  of  curvature  of  the  earth,  or  of  the 
parallel  arc  ID,  Let  L^^  ID  =z  the  level  distance  between 
A  and  B.  Then  IE,  perpendicular  to  CI,  is  the  line  of  sight, 
BE  is  the  reading  of  the  rod,  and  DE  =  E^  =  the  correction 
due  to  curvature. 

By  Tab.  I.,  24,  IE*  =  DE  (DE+  2i?,);  but  since  DE  is 
very  small  compared  with  2i?^,  it  may  be  omitted  from  the 
parenthesis,  and  since  IE  =  ID  =  L^  very  nearly,  because 
the  angle  ACB  is  very  small,  we  have  X^'  =  2B^E^. 


^0     = 


2B, 


(815) 


i^Q  is  to  be  added  to  the  apparent  elevation  of  st^tiQn  A 
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219.  Reiraction.  In  observing  distant  stations  the 
liue  of  sight  passing  through  the  atmosphere  is  refracted  from 
the  straight  line  IE,  Fig.  82,  and  takes  the  form  of  a  curve, 
which,  for  practical  purposes,  may  be  considered  as  the  arc  of 
a  circle,  concave  downwards.  Its  radius,  depending  on  the 
conditions  of  the  atmosphere,  varies  from  5^  to  7i  times  the 
radius  of  curvature  of  the  earth.  IB^  is  considered  a  good 
average  value. 

Refraction  causes  the  observed  object  to  appear  too  high, 
while  the  curvature  of  the  earth  causes  it  to  appear  too  low ; — 
the  effects  being  contrary,  the  correction  for  curvature  is  re- 
duced by  the  correction  for  refraction.  If  we  let  H^  =  the 
total  correction  for  both  curvature  and  refraction,  to  be  added 
to  the  apparent  elevation  of  the  observed  object,  then 

H^=\e^=^^  (316) 

Table  XVII.  is  calculated  by  this  formula,  assuming  a  mean 
value  oiB^  =  20,913,650  feet. 

220.  The  form  of  the  earth  is  approximately  an  el- 
lipsoid of  revolution.  Its  meridian  section  at  the  mean  level 
of  the  sea  is  an  ellipse,  the  semi-axes  of  which  are,  according 
to  Clarke, 

at  the  equator  A  —  6878206  metres  [6.8046985] 

at  the  poles       ^=6356584      *'       [6.8032238] 

According  to  the  same  authority 

1  metre  =  3.280869  feet  [0,5159889] 

Therefore  the  semi-axes  expressed  in  feet  are 

^  =  20  926  058  feet  [7.3206874] 

J5  =  20  855  119    *'  [7.3192127] 

Then  the  radius  of  curvature  of  the  meridian 

at  the  equator,  ^  =  i?^  =  20  784  422  ft.  [7.3177379] 

at  the  poles,      ~  ^B,  =  20  997  240  *'  [7.3221622] 
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In  lAlitude  40*  the  r^ius  of  curvature  of  the  meridian  is 
190  871 90O,  and  of  a  section  at  right  angles  to  the  meridian* 
20  955  ^K);  the  mean  value,  otE^-20  918  650  [7.830480],  be- 
ing adopted  for  general  use.  The  error  in  the  correction  H^ 
eq*  (316)  due  to  this  assumption  will  usually  be  much  less  than 
that  due  to  the  assumed  value  of  the  radius  of  refraction. 


221.  Levelling  by  Transit  or  Theodolite.  When 
a  transit  has  a  level-tube  attached  to  the  telescope,  it  may 
be  used  as  a  Theodolite  for  levelling,  and  for  taking  vertical 
angles.  If  the  instrument  be  in  perfect  adjustment,  the  line 
of  sight  will  be  horizontal  when  the  bubble  stands  at  the 
middle  point  of  the  tube,  and  the  reading  of  the  vertical  circle 
will  be  zero.  Should  there  be  a  small  reading  when  the  line  of 
sight  is  horizontal  it  is  called  the  index  error.  When  the  line 
of  Sight  is  not  horizontal,  the  angle  which  it  makes  with  the 
piane  of  the  horizon  is  called  an  angle  of  elevation,  or  of  de- 
pression, according  as  the  object  upon  which  the  line  of  sight 
is  directed  is  above  or  below  the  telescope.  Tliis  angle  is 
measured  on  the  vertical  circle,  being  the  difference  of  the 
reading  and  the  index  error,  when  both  are  on  the  same  side 
of  the  sero  mark,  and  their  mm,  when  they  are  on  opposite 
sides.  When  the  distance  to  an  observed  object  is  known, 
and  its  angle  of  elevation  or  depression  is  measured,  we  may 
calculate  its  vertical  iieigiit  above  or  below  the  teiedcope. 

T   ,  ,      ^  ( elevation 

Let  ±  a  =  angle  of  ^  , 

f  depression 

"        L  =  the  horizontal  distance 

L'  =  the  distance  parallel  to 
line  of  sight 

k  =  difference  in  elevation  of 
object  and  instrument. 

Then  for  short  distances, 

h  =  Lian  a  =  L'  sin  a      (317) 

Fio-  8S.  por  long  distances  the  curvature  of 

the  earth  and  refraction  must  be  considered.     Fig.  83. 

Tift  I  be  the  place  of  the  instrument,  and  F  the  object 
observed. 


<< 
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Let  L^  =■  the  distance,  measured  on  tli«  clioitl  o^  tbe  level 
arc  ID,  passing  through  tine  instnimeat;  and  let  ^  =:  the 
naml^er  of  seconds  in  the  arc  ID\  hence,  since  for  (^diaaiy 
distances  the  chord  and  are  are  sensibl^r  equai, 

^  =  A  206264'. 8  [6.«144a5] 

or  giving  to  B^  its  mean  value,  §  220, 

t  =  L^X  .0098627  [7.993995] 

or  a  fraction  less  than  1"  per  100  feet. 

Let  IF  he  the  arc  of  the  refracted  ray,  and  assuming  that  its 
radius  is  7E^,  the  arc  will  contain  i^th  the  number  of  seconds 
of  the  arc /F 

IF\  tangent  to  IF,  is  the  direction  of  the  telescope;  IF  is 
the  chord  of  the  arc  IF,  and  IE  is  the  horizontal. 

Let  a  =  EIF'  =  observed  angle  of  elevation.  Then  EIF=^ 
true  angle  of  elevation  =  EIF'  —  F'IF=  a  —  i  .  ^^  =  a  — 
.071^. 

The  angle  EID  =  i*^  .'.  DIF  =  i^  +  a  -  .071^^;  and 
IDFz=  90°  +  i^.  .-.  IFD  =  OO**  -  (^  +  a  -  .071^). 

We  now  solve  the  triangle  IFD  for  the  side  DF  =  h,  and 
fiDd 

°  cos  (^  +  a  —  .071^)  ^      ^ 

For  am  observed  angle  of  depression  make  a  negative  in  the 
formula. 

The  coefficient  .071  is  called  the  coefficient  of  refraction,  this 
being  a  fair  average  value,  while  its  extreme  range  is  from  .067 
to  .too  under  Turying  conditioas  of  tiie  atmosphere,  and  vaftoas 
of  the  angle  «, 

When  the  difference  in  elevation  of  two  or  more  distant 
objects  is  required,  we  obtain  the  elevation  of  each  separately, 
and  siii)tract  one  elevation  from  another.  The  elevation  of  the 
observed  object  is  given  by  {H.  I.)  ±  7i. 

222.  To  find  the  Heigrbt  of  Instrument  of  a  trandt  or 
iheoMite  by  ail  oteervatioti  t9f  tii<e  boricotu    Fig.  84. 
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Let  /  b|  the  place  of  the  instrument,  and  let  a  =  observed 
angle  of  depression  of  the  horizon. 

Let  F  be  the  point  where  the  refracted  ray  meets  the  level 
surface,  and  draw  the  chords  /i^and  AF, 

Let  f\)  —  the  angle  AQF,  let  h  =  AI,  and  let  A;  =  the  coeffi- 
cient of  refraction. 

In  the  triangle  lAF, 

IAF=  90°  +  i^,  AFI=  i^  -  A^,  AIF=z  90"  -  (^  -  k^)) 
Hence  FIE  =  ^  -  A^.    But  FIE  =  a  +  A^ 


^  = 


a 


(319) 


1-2A; 
Let  F'  be  the  tangent  point  of  a  right  line  drawn  through  /; 


FiQ.  84 


then  AIt=:  CF'  exsec  ACF\  but  CF'  -  B^,  and,  since  f  la 

1  —  * 

always  very  small,  AGF'  =  K^  +  ^)  '^ery  nearly  =  a 


A  =  2?„  exsec  ^ZT^  ^ 


(830) 


Giving  to  B^  its  mean  value,  §  320,  and  assuming  A;  =  ^ 


log  A  =  7.330430  +  log  exsec  1.0801  a 


(831) 
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Otberwise^  we  may  solve  the  triangle  ATF^  since 

a 


AF=  2B^  sini^  =  25„  sin 

and  h^  AF'^fp^, 

.  cos  (^  —  kiff) 


2(1  -  2k) 


i       o  r»     •         ^  sin  ia  ^ 


When  k  =  -^ 


A  =  ai?.8inA«.3^  (828) 


Exa/mpU. — The  observed  dip  of  the  sea  horizon  is  24'  =  cc- 
What  is  the  height  of  the  instrument  above  the  sea? 

By  eq.  (321)  1.0801  X  a  X  60  =  1556".34  3.191825 

2 


6.383650 
Table  XXVI.  (q  -  2  Q  9.070130 
R^  7.320430 


A  =594.58  2.774210 

Methods  of  determining  heights  by  distant  observations  can- 
not be  relied  on  for  more  than  approximate  results,  since  they 
necessarily  involve  the  uncertain  element  of  refraction,  and 
usually  a  lack  of  precision  in  the  vertical  angle,  the  arc  reading 
only  to  minutes  in  ordinary  instruments.  These  methods,  how- 
ever, are  useful  where  no  great  accuracy  is  required,  as  for  a 
temporary  purpose  until  levels  can  be  taken  in  the  regular  way, 
or  for  interpolating  between  points  of  established  elevation. 

223.  Stadia  Measurements. 

It  18  sometimes  convenient  to  determine  distances  by  instru^ 
mental  observation  For  this  purpose  two  additional  cross- 
hairs may  be  placed  in  the  telescope  parallel  to  each  other  and 
equidistant  from  the  central  cross-hair.  These  are  called  stadia 
hairs,  and  distances  determined  by  them  are  called  stadia 
measurements.  The  stadia  hairs  are  adjusted  so  as  to  inter- 
cept a  certain  space  on  a  rod  held  at  a  certain  distance  from 
the  instrument  and  perpendicular  to  the  line  of  sight.  For  any 
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other  place  of  the  rod,  the  distances  and  intercepted  spaces 
are  nearly  proportional.  The  exact  relation  is  given  below. 
Fig.  85. 

Let  I  =  AB,  the  distance  of  the  rod  from  the  vertical  axi9 
of  the  instrument ;  o  =  the  distance  from  the  axis  to  the  ol> 
ject  glass  of  the  telescope;  a  =  the  distance  from  the  object- 
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glass  to  the  rod;  i  =  the  space  between  the  stadia  hairs;  s  = 
CD  the  space  intercepted  by  them  on  the  rod;  and/=  the 
focal  distance  of  the  object-glass.    We  then  have  by  optics, 

■;  =  — 5-^,  whence  a  —f=-.8;  and  since  a  =  I  —  e  ,\  I  -^ 

f 
(/+  ^)  =  -«•    Now  in  any  given  instrument  the  focal  distance 

/,  and  the  space  between  the  stadia  hairs  %  are  constant,  while 
«  and  c  vary  with  I,    For  any  other  distance  T,  we  then  have 

« 

f 
r  —  (/+  c')  5=  -«',  and  combining  the  two  equations 


z-(/+^)  =  i[r-cr+o] 


(824) 


% '  is  usually  assumed  at  1  foot  and  i'  —  (/+<'')  at  100  feet. 
and  the  stadia  hairs  are  then  adjusted  accordingly.  The  focal 
distance/  may  be  found  by  removing  the  object  glass  and  ex- 
posing it  to  the  rays  of  the  sun  and  noting  at  what  distance 
from  the  surface  of  the  lens  the  rays  form  a  perfect  and  min- 
ute image  of  the  sun  on  a  smooth  surface;  the  distance  g'  is 
measured  on  the  telescope  when  the  rod  is  clearly  in  focun, 
at  the  assumed  distance. 

To  measure  any  other  distance,  the  rod  is  again  observed 
at  the  desired  point,  and  the  space  $  noted,  which,  placed  in 
eq.  (834),  gives  I  —  (/-|-  c)  at  once.  "We  then  measure  e  on 
the  telescope,  and  adding  (f+  e),  obtain  I,  the  diitance  ro* 
quired, 
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But  inasmuch  as  e  has  but  a  small  range  of  values,  it  will 
usually  be  sufficient  to  assume  for  it  a  mean  value,  as  a  con- 
stant. In  this  case  we  may  find  the  value  of  (/  +  c)  =  IF 
for  the  instrument  used.  Making  c'  =:  ein  eq.  (8d4),  and  solv- 
ing for  (/+  c),  we  have 

«r  -  s'l 
/+<?=    ^,^>  (835) 

and  by  laying  off  on  level  ground  any  two  distances  from  the 
instrument  for  I'  and  I,  as  100  and  600,  and  observing  the 
corresponding  spaces  s'  and  s  intercepted  on  a  rod,  we  insert 
them  in  eq.  (325)  and  find  (/+  e). 

Having  found  (/+  c),  lay  off  (100  +/+  c)  from  the  instru- 
ment and  adjust  the  stadia  hairs  to  inclose  just  one  foot  on 
the  rod  at  that  distance.    Any  other  distance  is  then  found  by 

the  formula, 

l-1008  +  (f+e)  (836) 

Example,— M  V  =  100  we  find*'  =  1.00,  and  at  i  =  500  we 
find  8  =  6.061. 

Hence,  eq.  (335)      /+  c  =  ^^'^^^^^  =  1-503 

p 
and  eq.  (836)  I  =  100  «  -)- 1-^>  provided  the  stadia  hairs  be  ad- 
justed so  as  to  intercept  1  foot  at  101.5  feet  distance  from  the 
centre  of  the  instrument. 

224.  The  foregoing  formulsB  are  all  that  are  necessary  for 
horizontal  sights,  but  since  the  line  of  collimation  is  generally 
inclined  more  or  less  to  the  horizon,  it  follows  that  the  stadia 
iiairs  will  intercept  a  larger  space  on  the  vertical  rod  than 
that  due  to  the  true  horizontal  distance.  We  therefore  require 
a  formula  for  reducing  inclined  measurements 
to  the  horizontal.    Fig.  86. 

Let  a  =  EFG  =  the  angle  of  inclination  of  the  line  of  colli- 
mation 10; 
**   B  =  CFD  =  the  visual  angle  defined  by  the  stadia  hairs; 
**    «  =  CD  =  space  intercepted  on  a  vertical  rod. 

Then  (Fig.  85), 


I 


^^"m'^^'V-lf^c)  .      <«») 
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lu  Fig.  86 

s=  CE—DE=  EF[iAn.  (a  +  i©)  -  tan  (a  -  iS)] 

while  the  true  value  (for  the  same  distance)  would  be 

C'D'  =  2EFt8injfi 

Dividing  one  by  the  other  we  derive 

G^D^ gtanjQ 

8      ~  tan  (a  +  iB)  —  tan  {a  —  iO) 

y  giving  to  «'  and  l'  —  if-\-c)  in  eq.  (327)  their  customary 
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values,  viz.,  1  and  100,  we  have  tan  i©  =  .005    .-.  0  =  34'  32'.63 

and  by  Trig.  Table  II.  70, 


tan  (a  +  iO)  -  tan  (a  -  ^0)  = 


sin  6 


cos  {a  +  i6)  cos  (a— ^) 
Since  0  is  small,  we  have  sensibly 

sin  0  =  2  tan  iO,  and  cos  (a  +  i®)  cos  (a  —  ^0)  =  cos*  a 
and  the  last  equation  reduces  sensibly  to 

CD 


8 


=  COS*  a 


(828) 


which  is  the  coefficient  of  reduction,  required  by  which 
to  multiply  the  observed  space  « in  case  of  inclined  sighta 

Hence  the  formula  for  distance  (eq.  826)  becomes  in  this  case 
without  sensible  error 

1=100$  cos*  a  +  (/+  c)  (829) 

Tables  XVIII.  and  XIX.  have  been  calculated  by  the  exact 
formula  for  the  cocfficicMt. 
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.Ecami?^.— Given  :   a  =  S"  20'  and  «  =  9.321;  whatsis  the 
horizontal  distance  to  the  rod? 

Eq.  (329)  100  log.  2. 

s  9.221  **    0.964778 

a  8"  20'  Tab.  XIX  **    9.990780 


902.7  2.955558 

/+tf  1.5  .-.  Ans.  904.2  ft. 

The  rodman  should  have  a  disk  level  to  insure  keeping  the 
rod  vertical. 

225.  Another  method  of  procedure  is  that  in  which 
the  rod  is  always  held  perpendicular  to  the  line  of  coUimation, 
however  much  inclined  the  latter  may  be.  To  secure  this  posi- 
tion of  tlie  rod,  a  small  brass  bar  is  attached,  having  sights 
upon  it  through  which  the  rodman  watches  the  instrument 
during  an  observation,  the  line  of  sight  being  at  right  angles  to 
the  rod.  The  distance  thus  obtained  is  of  course  parallel  to 
the  line  of  collimation,  and  requires  to  be  reduced  to  the  hori- 
zontal. 

For  this  purpose,  we  have  (Fig.  87). 


Fia.  87. 
I&  —  IG  cos  a-\-BG  sin  a 
or  7JSr=  (100  «+/+c)  cos  a  +  r  sin  a  (330) 

in  which  r  is  the  reading  of  the  rod  by  the  line  o^*  ^-ollimation. 
For  the  elevation  of  the  point  B  above  /, 

£JB  =HQ~  GB  cos  ex 

or  BB=  (100  8  +/+  c)  sin  a  -  ?•  cos  a  (331) 


^ 
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When  the  didtatices  tire  sufiSciently  great,  correction  musl  b»' 
made  for  curvature  of  the  earth  and  refraction,  as  already  ex« 
plained. 

This  method  is  employed  by  the  topographical  parties  of  the: 
U.  8.  Ooast  Survey  in  connection  with  the  plane  table.  Their 
instruments,  however,  are  so  constructed  as  to  give  distances 
in  metres,  and  heights  in.  feet,  requiring  a  modification  of  the 
above  formulae. 


CHAPTER    IX. 

COl^STEtrCTlON. 

220*  The  en^neer  department  of  a  railway  com- 
pany is  usually  reorganized  for  the  construction  of  the  road, 
as  follows :  Chief  engineer,  Division  engineers,  Resident 
engineers.  Assistant  engineers.  On  some  roads  the  division 
engineers  are  styled  ** Principal  Assistants;"  the  resident 
engineers,  ''Assistants;"  and  the  assistant  engineers  are  de- 
signated according  to  their  duties,  as  *' leveller,"  '*  rodman," 
etc. 

A  resident  engineer  has  charge  of  a  few  miles  of  line, 
limited  to  so  much  as  he  can  personally  superintend  and 
direct.  He  has  one  or  more  assistants  and  an  axman  in  his 
party.  All  instrumental  work  is  done  and  all  measurements 
taken  by  the  resident  engineer  and  his  assistants. 

A  division  engineer  has  charge  of  several  residencies, ; 
and  inspects  the  progress  of  the  work  on  his  division  once^ 
or  twice  a  week.  In  his  office,  which  ^louid  be  centrally 
located,  all  maps,  profiles,  plans,  and  most  of  the  working 
drawings  required  on  his  division  are  prepared.  To  him  the 
resident  engineers  make  detailed  reports  once  a  month,  or 
oftener  if  necessary,  which  he  passes  upon  as  to  their  cor-' 
rectness,  and  from  which  he  makes  up  a  monthly  report,  or 
estimate,  of  the  amount  and  value  of  the  work  done  and  ma- 
terials provided  by  each  contractor  on  his  division.  The  esti- 
mates are  forwarded  about  the  first  of  each  month  to  the 
chief  engineer,  who  examines  and  approves  them,  returning 
for  modification  any  that  seem  to  require  it 


i^ 
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The  chief  en^neer  b«u3  charge  of  the  entiie  work, 
ftnd  directs  the  general  business  of  the  engineer  department. 
He  occasionally  inspects  tl^  work  along  the  line. 

227.  Clearing^  and  Grubbiug*  The  first  step  in 
the  work  of  construction  is  to  clear  off  all  growth  of  timber 
within  the  limits  of  the  right  of  way.  The  resident  engineer 
with  his  party  passes  over  tlie  line,  making  offsets  to  the  right 

I  and  left»  and  blazing  the  trees  Which  stand  on,  or  just  within, 
the  limits  of  the  company's  property.  The  blazed  spot  is 
marked  with  a  letter  (7»  as  a  guide  to  the  contractor.  After 
felling,  the  valuable  timber  should  be  piled  near  the  boun- 
dary lines,  to  be  saved  as  the  property  of  the  company.  The 
brushwood  is  burned. 

Where  a  deep  cut  is  to  be  made,  the  stumps  are  left  to  be 
removed  as  the  earth  is  excavated.  In  very  shallow  cuts  and 
fills  the  contractor  will  generally  prefer  to  tear  up  the  trees 
by  their  roots  at  once,  rather  than  to  grub  out  the  stumps 
after  clearing.  Where  the  embankments  will  be  .over  three 
feet  high,  grubbing  is  not  necessary;  but  the  trees  require  to 
be  low-chopped,  leaving  no  stump  above  the  roots.  The  engi- 
neer should  indicate  to  the  contractor  the  localities  where  each 

I     process  is  suitable. 

228*  While  the  clearing  is  in  progress,  the  engineer  should 
nm  a  line  of  test  levels  touching  on 'ail  the  benches  to  verify 
their  elevations  ;  he  may  also  rerun  the  centre  line,  replacing 
any  stakes  that  may  have  disappeared,  and  setting  guard  plugs 
to  any  important  transit  points  which  may  not  have  been 
previously  guarded.  If  any  changes  In  the  alignment  have 
been  ordered,  these  may  be  made  at  the  same  time. 

220.  Cross  Sections,  The  resident  engineer  is  fur- 
nished with  a  profile  of  the  portion  of  the  line  in  his  charge, 
upon  which  is  plainly  indicated  by  line  and  figures  the  estab- 
lished grade.  From  this  he  calculates  the  elevation  of  grade 
at  each  station,  and  by  subtracting  this  from  the  elevation  of 
the  surface,  he  derives  the  depth  of  cut  or  fill  (+  or  —)  to  be 
madie  at  each  point.  The  grade  given  on  the  profile  is  that 
which  is  subsequently  called  the  subgrade,  being  the  surface 
of  the  road-bed.  The  final  or  true  grade  is  the  upper  surface 
of  tfae  ties  after  the  track  is  laid. 
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The  base  of  a  cross  section  is  identical  with  the  width  of  the 
road-bed.  It  is  made  wider  in  cuts  than  in  fills  to  allow  for 
the  side  ditches.  Six  feet  should  be  allowed  in  earth,  and 
four  feet  in  rock  cuts.  The  ratio  of  the  side  slopes 
depends  upon  the  material.  The  usual  slope  ratio  for  earth  is 
1^  horizontal  to  1  vertical  for  both  excavation  and  embank- 
ment. Damp  clay  and  solid  gravel  beds  will  stand  for  a  time 
in  cuts  at  1  to  1,  or  an  angle  of  45°,  but  this  cannot  be  perma- 
nently depended  on.  On  the  other  hand,  fine  sand  and  very 
wet  clay  may  require  slopes  of  If  to  1  or  3  to  1.  Exceptional 
cases  require  slopes  of  3  or  4  to  1.  In  rock  work  the  slopes  are 
usually  made  at  J  to  1  for  solid,  i  to  1  for  loose,  and  1  to  1  for 
very  loose  rock,  liable  to  disintegrate.  Rock  embankments 
stand  at  1  to  1. 

230.  All  cross  sections  are  taken  in  vertical  planes  at 
right  angles  to  the  direction  of  the  centre  line.  Figs.  88,  89. 
Formulse* 

Let  b  =  AB,  the  base  of  section,  or  road-bed. 
'*   «  =  -jyrf  =  tlie  slope  ratio 

**  d  =  C0  =  the  cut  (or  fill)  at  the  centre  stake. 

"  h  =  DH  or  EN  =  the  cut  (or  fill)  at  the  side  stake. 

"  X  =  CD  =  the  "distance  out"  from  centre  to  side  stake. 

"  y  =  h'-d  =  KD. 

We  have  at  once  from  the  figures  the  general  formula 

x=ib  +  ^  (332) 

When  the  ground  is  level  transtendy ; 

h  —  d,  and  a;  =  ^6  -|-  %d. 

For  embankment  use  the  same  formula,  considering  d  or  &  as 
positive  in  this  case  also,  the  figure  being  simply  inverted. 
^Mien  the  ground  is  inclined  tran^sfoersdy; 

h  =  CO  +  DK  =  d-{-y    on  the  upper  Me  in  cuts; 

x  =  ib  +  8d  +  8y  (338) 

and  h  =  EN=d  —  y    on  the  lower  side  in  cats 

aj-=^6-f  «<f  — «y  ^34) 


^ 
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For  embankments  use  the  same  f  ormule,  but  apply  eq.  (338)  to 
the  laiper  side  and  eq.  (334)  to  the  upper  side,  the  figure  being 
inverted.  The  points  D  and  E  on  the  ground  are  usually  found 
by  trial,  such  that  the  corresponding  values  of  x  and  y  will 
verify  the  formulae. 

WTien  the  natural  dope  FD  or  LE  is  uniform  its  ratio  «'  may 
be  found  by  measuring  along  the  section  the  horizontal  dis- 
tance necessary  to  change  the  reading  of  the  rod  1  foot  (or  half 
the  distance  necessary  to  change  it  2  feet,  etc.).  Then,  having 
found  the  depths  of  cut  (or  fill)  at  i^^and  L,  distant  ^  from  the 
centre  G,  we  have 

BH  =sh=:  s\h  -  BF) 

and  AN=^shz=  s\AL  -  h) 

From  these  we  have,  for  the  upper  side  in  cuts,  and  lower  side 
Infills. 

n=.-^^BF  r.  x  =  ^  +  -^BF         (835) 
also,  for  the  laxioer  side  in  cuts,  and  upper  side  in  fills, 

h  =  ~f^AL  .-.  x  =  V>  +  -fj^^AL         (386) 


We  also  have 


and 


h--  BF=-J—BF 

s  •^  s 


AL^h  =  -7-4—  AL 


s'  +  s 


(387) 


whence  the  points  D  and  E  may  be  found  by  the  level. 

But  points  D  and  E  thus  calculated  should  have  their  posi- 
tions verified  by  the  general  formula,  eq.  (382),  lest  the  slope 
i'  may  not  have  been  perfectly  uniform. 

When  the  natural  surfa/ie  intersects  Gie  hose  between  the 
points  A  and  J?,  the  section  is  said  to  be  in  side  hill  work. 
Fig.  90.  Both  portions  of  the  section  are  then  determined  by 
eq.  (883),  or  where  the  slope  s'  is  regular,  by  eq.  (335)  measuring 
In  every  case  from  the  centre  stake  G\  but  observing  that 
when  the  centre  is  in  cut  and  one  side  in  fill,  or  vice  versa,  that 
d  must  be  considered  negative  for  that  side,  whence  eq.  (388) 
becomes  for  this  case 

w^^b^sd  +  sy  (888)' 
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231.  Stakingr  out  Earthwork.  Beginning  at  a 
point  on  the  centre  line  wliere  tlie  grade  cuts  tbte  natural  sur- 
face, the  engineer  drives  a  grade  stake  (marked  0.0)  and  notes 
the  point  in  the  cross-section  book.  If  the  line  of  intersection 
of  the  road-bed  and  surface  would  make  an  acute  angle  with 
the  centre  line,  he  also  finds  the  points  where,  the  €dgeB  of  the 
proposed  road-bed  will  intersect  the  surface,  drives  grade 
stakes,  and  also  stakes  out  a  cross  section  through  each  of 
those  points,  if  necessary. 

Then  advancing  to  the  next  point  on  the  centre  line  wher« 
a  section  is  required,  he  finds  its  elevation  with  the  level  (veri- 
fying or  correcting  the  elevation  taken  on  the  location),  calcu- 
lates the  depth  of  cut  or  fill  CG,  which  is  then  marked  upon 
the  back  of  a  stake  there  driven;  Sk  cut  being  designated  by  G 
mdAjUlhyF, 

]f  tTie  ground  is  level  Wansversely  (Fig.  88),  he  calculates  x  by 


eq.  (332)  and  lays  off  this  distance  at  right  angles  to  the  centre 
line,  driving  slope  stakes  at  the  points  D  and  E,  marked  with 
the  depth  of  cut  or  fili.    The  marked  side  of  slope  stakes  should 
face  the  centre  line. 
Iftlie  ground  is  inclined  t^^an^versely  (Fig.  89),  he  first  measures 


Fig.  89. 

the  distance,  ^,  to  F,  and  finds  the  depth  BF  for  record.  He 
then  proceeds  to  find  the  point  Z).  If  the  natural  slope  be  uni- 
form, D  may  be  found  by  eq.  (885)  or  (837).  verifying  the  result 
by  eq.  (382).  The  point  E  of  the  other  slope  may  be  found 
similarly,  using  eq.  (830)  or  eq.  (887);  verif ymg  by  eq.  (888). 
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232.  If  the  ground  he  irregular,  the  depth  of  cut  or  fill  is 
found  uot  only  at  the  centre  and  edges  of  the  road-bed,  but 
also  at  every  other  point  aloQg  the  cross  section  where  the  iur- 
face  slope  c/iangeSf  all  of  which  depths  ai*e  recorded,  together 
with  their  respective  distances  from  the  centre.  To  find  the 
point  D :  assume  a  point  supposed  to  be  near  D,  and  there 
take  a  reading  of  the  rod.  The  difference  of  the  readings  at 
that  point  and  at  C  equals  y'  for  that  point,  which  inserted  in 
eq.  (833)  gives  a  value  x'.  If  x'  agrees  with  the  horizontal  dis- 
tance of  the  assumed  point  from  C,  the  true  position  of  2>  has 
been  found.  If  x'  be  greater  than  this,  by  subtracting  the  eq. 
X  =ib  +  8d  +  9y'  from  eq.  (833)  we  derive 

a?  =  a-'  +  «(y  -  y')  (338) 

the  last  term  of  which  shows  the  correction  to  be  added  to  x'. 
Now  in  advancing  from  the  assumed  point  to  the  extremity  of 
x',  the  rise  of  the  surface  is  approximately  (y  —  y'),  and  if,  in 
going  the  additional  distance,  8{y  —  y'\  a  further  rise  is  en- 
countered, this  last,  multiplied  by  «,  must  also  be  added  to  x\ 
and  so  on  until  the  additional  advance  makes  no  change  in  the 
value  of  y.  The  point  thus  found,  verified  by  eq.  (332),  is  the 
point  D  required. 

But  if  x'  be  less  than  the  distance  of  the  assumed  point  from 
C,  we  have 

X::rx'-Ky'-  V)  (338)' 

the  corrections  being  subtractive. 

The  point  E  on  the  other  slope  is  found  in  a  similar  manner, 
using  eq.  (334)  for  the  value  of  a?' ;  if  x'  be  greater  than  the  as- 
sumed distance,  we  have 

«  =  a?'  -  «(y  -  y')  (339) 

the  corrections  being  subtractive  ;  but  if  a?'  be  le^  than  the  as- 
sumed distance, 

X  =«'  +  «(y'  -  y)  (339)' 

the  corrections  being  additive, 

233.  In  8ide»hill  work  (Fig.  90)  proceed  in  the  same 
manner,  using  eqs.  (383)  or  (388)'  and  (338)  in  all  cases  of  un- 
even ground.  When  the  surface  slope  s'  is  uniform,  eq.  (885) 
may  be  used,  if  preferred,  on  either  side.    In  addition  to  the 
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centre  and  side  stakes,  a  grade  stake  is  driven  at  the  point  O, 
-where  the  surface  intersects  the  grade,  the  stake  facing  down 
hill. 

To  find  a  grade  point,  set  the  target  to  a  reading  equal  to  the 
height  of  instrument  less  the  elevation  of  grade,  and  stand  the 
rod  at  various  points  along  the  given  line  until  the  target  coin- 
cides yfith  the  line  of  collimation. 


Fio.  90. 

234.  When  two  materials  are  found  in  the  same  section, 
as  rock  overlaid  with  earth,  each  material  requires  its  own 
slope,  and  a  componnd  section  is  the  result.  To  stake 
out  work  of  this  description,  the  depth  of  earth  to  the  rock  must 
be  known,  and  may  be  nearly  ascertained  by  reference  to  an 
adjacent  section  already  excavated.    Fig.  91. 


Jr-'X 


Fio.  W. 


Then 


Let  «!  be  the  depth  of  earth  at  C 
"   a,      '*  "  **       Pore 

*/    «i  be  the  ratio  of  rock  slope 
««      **  '*       earth  slope 


t€ 


«  =  i*  +  »i{d  —  ai  ±  pi)  -\-  «,(a,  ±  ya) 


(340) 


in  which  yi  =  difference  of  rod  readings  on  the  roek  at  C^  and 
Di.  or  C^  and  Ei ;  and  y,  =  difference  of  rod  readmgs  on  the 
surface  at  P  and  2>a,  or  at  Q  and  E^.  The  upper  sign  applies 
to  the  upper  side,  the  lo  .ver  sign  to  the  lower. 


^^^■1^ 
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It  is  better,  however,  to  make  an  indefinite  cross  profile  at 
first,  driving  two  reference  stakes  quite  beyond  the  section 
limits;  and  when  the  contractor  has  removed  the  earth  from 
between  D\  and  Eu  indicate  to  him  those  exact  points  by 
marks  on  the  rock,  and  also  set  the  slope  stakes  at  D^  and  E^. 

235.  The  frequency  with  which  cross  sections  should 
be  taken  depends  entirely  upon  the  form  of  the  surface;  where 
this  is  regular,  a  section  at  each  station  is  sufficient.  A  cross 
section  should  be  taken,  not  only  at  every  point  on  the  centre 
line  where  there  is  an  angle  in  the  profile,  but  also  wherever 
an  angle  would  be  found  in  the  profile  of  a  line  joining  a  series 
of  slope  stakes  on  either  side,  even  though  the  profile  of  the 
centre  line  maybe  quite  regular  at  the  corresponding  point: — 
the  object  being,  not  only  to  indicate  the  proper  outlines  of 
the  earthwork,  but  to  furnish  the  data  necessary  to  calculate 
correctly  the  quantities  of  material  removed.  Rockwork  will 
generally  require  more  frequent  sections  than  earthwork. 

236.  Vertical  Curves.— The  grades  as  given  on  the 
profile  are  right  lines,  which  intersect  each  other  with  angles 
more  or  less  abrupt.  These  angles  require  to  be  replaced  by 
wrtical  curves,  slightly  changing  the  grade  at  and  near  the 
point  of  intersection.  A  vertical  curve  rarely  need  extend 
more  than  200  feet  each  way  from  that  point.    Fig.  92. 


Fio.  fl2. 

Let  AB,  BG,  be  two  grades  in  profile,  intersecting  at  station 
B,  and  let  A  and  C  be  the  adjacent  stations.  It  is  required  to 
join  the  grades  by  a  vertical  curve  extending  from  A  to  C. 
Suppose  a  chord  drawn  from  A  to  C; — the  elevation  of  the 
middle  point  of  the  chord  will  be  a  mean  of  the  elevations  of 
grade  at  A  and  Q;  and  one  half  of  the  difference  between  this 
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and  the  elevation  of  grade  at  B  will  be  the  middle  ordinate  of 
the  curve.     Hence  we  have 

^^^  ^grade^l grade. g  _  ^^^  ^j        ^^^ 

in  which  M  =  the  correction  in  grade  for  the  point  B.  The 
correction  for  any  other  point  is  proportional  to  the  square  of 
its  distance  from  A  or  G.  Thus  the  correction  at  J.  -f-  25  is 
^^M\  at  ^  +  50  it  is  J  if ;  at  ^d  +  76  it  is  ^M;  and  the  same 
for  corresponding  points  on  the  other  side  of  B,  The  correc- 
tions in  the  case  shown  are  aubtrnctive,  since  M  is  negative. 
They  are  additive  when  Jf  is  positive,  and  the  curve  concave 
upward. 

These  corrections  are  made  at  the  time  the  cross  sections 
are  taken,  and  tlie  corrected  grades  are  entered  in  the  field- 
book  opposite  the  numbers  of  the  respective  stations, 

237.  Form  of  Field-book.— A  complete  record  of 
all  cross-section  work  is  kept  in  the  cross-section  book. 
On  the  left-hand  page  is  recorded,  in  the  first  column,  the 
numbers  of  the  stations  and  other  points  where  sections 
are  taken ;  in  the  second,  the  elevations  of  those  points,  copied 
in  part  from  the  location  level-book,  but  verified  or  corrected 
at  the  time  the  section  is  taken ;  in  the  third,  the  elevation  of 
the  grade  for  the  same  points;  in  the  fourth,  the  width  of 
base  b\  in  the  fifth,  the  slope  ratios, «;  and  in  the  sixth,  the 
surface  ratio  «'  when  uniform.  The  right-hand  page  has  a 
central  column,  in  which,  and  opposite  the  number  of  the 
station,  is  recorded  the  centre  depth  of  the  section,  marked 
+  or  —  ,  to  indicate  cut  or  fill,  as  the  case  may  require. 
To  the  right  of  this  are  recorded  the  notes  of  that  portion  of 
the  section  which  lies  on  the  right  of  the  centre  line,  as  the 
line  was  run,  and  to  the  left,  the  notes  of  the  left  side.  The 
distance  from  the  centre  to  each  point  noted  is  recorded  as 
the  numerator  of  a  fraction,  and  the  cut  or  fill  at  the  point 
as  the  denominator,  prefixed  by  a  +  or  —  as  the  case  may 
require.  The  denominator  for  a  grade  point  is  zero.  The 
numbers  of  the  stations  should  increase  up  the  page,  as  in  a 
transit  book,  so  that  there  may  be  no  confusion  as  to  the  right 
and  left  side  of  the  line.  The  several  points  being  noted  in 
order  as  they  occur  from  the  centre  outwards,  the  notes  fa^ 
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thest  from  the  centre  of  the  page  usually  appertaiu  to  the 
slope  stakes;  but  in  case  the  cross  profile  is  extended  beyond 
the  slope  stake,  the  note  of  the  latter  should  be  surrounded  by 
a  circle  to  distinguish  it.  The  following  form  is  a  specimen 
of  a  right-hand  page,  with  the  first  column  only  of  the  loft- 
hand  page: 


Sta. 

Cross 

Sections. 

83 

29.9      16.5       10         5 
+  8.6  +14  +17.7  +21 

0 
+21.5 

10         20         82         55.0 
+20.8  4«1.6  +28.8    +80.4 

i   +60 

t 

17.5       10         4 
+  5,0  +10  +18.2 

0 

+  14 

10         24       42.6 

+14.7  +20.1  +81,7 

• 

• 

14.2      10 

+  2,8  +  5.4 

0 

+  9.4 

6          10       31.6 

+  8.5+IJ.6+14.4 

+« 

10 
0 

0 

+  2.8 

10       10.3 
+  3.8  +  6,2 

+  27 

0 

-flft 

21.7       7 
-  9.8-  8.0 

0 

-  4.7 

10 
0 

81 

25.9       7 
-.18.0 --11. 2 

0 

7          15 

-12 

-10.6  -  6.3 

80 

88.4       7 
-17.6  -ia,4 

0 
-17.6 

7          18       95.6 
-19.6  -19.1  -18.4 

238.  In  case  there  is  a  liability  to  land-slips,  the  profiles 
of  cross  sections  should  be  carried  beyond  the  slope  stakes, 
on  the  upper  side  of  the  cut,  to  any  distance  thought  neces- 
sary to  reach  firm  ground,  and  stakes  driven  for  future  refer- 
ence. When  a  number  of  consecutive  cross  profiles  are  to  be 
considerably  extended,  it  is  well  to  first  run.  instrumentally, 
a  line  parallel  to  the  centre  line,  and  set  stakes  opposite  tlie 
stations,  taking  their  elevations.  The  intermediate  surface  of 
the  sections  may  then  be  taken  with  cross-section  rods  if  more 
convenient.     See  §37. 

239*  In  case  of  inaccessible  ^ound,  preventing  a 
regular  staking  out,  an  indefinite  profile  of  the  section  may 
generally  be  obtained,  referred  to  the  datum  for  elevation  and 
to  the  centre  line  for  position,  which  being  plotted  on  cross- 
section  paper,  and  the  grade  line  and  side  slopes  added,  shows 
to  scale  where  the  slope  stakes  should  bo. 
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240;  Any  isolated  mass  of  rock  or  earth  which  oc- 
curs within  the  limits  of  the  slope  stakes,  but  not  included  in 
the  regular  notes,  is  separately  measured  and  noted,  so  that 
its  contents  may  be  computed  and  added  to  the  sum  of  the 
same  material  found  in  the  cross  sections. 

241.  Borrow-pits. — When  the  excavations  will  not 
suffice  to  complete  the  embankments,  material  may  be  taken 
from  other  localities,  termed  borrow-pits.  These  should  be 
staked  out  by  the  engineer  and  their  contents  calculated, 
unless  the  contractor  is  to  be  paid  for  work  by  embankment 
measurements.  A  number  of  cross  profiles  are  taken  of  the 
original  surface,  and  (on  the  same  lines)  of  the  bottom  of  the 
pit  after  it  is  excavated,  which  furnish  the  depth  of  cutting 
at  each  required  point.  Borrow-pits  should  be  regularly  ex- 
cavated, so  that  they  may  not  present  an  unsightly  appear- 
ance when  abandoned.  Borrow-pits  may  be  avoided  by 
widening  the  cut  uniformly  at  the  time  it  is  staked  out,  so 
that  it  may  furnish  sufficient  material;  provided  the  material 
is  suitable,  the  embankment  accessible,  and  the  distance  not 
too  great.  When  the  excavation  is  in  excess,  the  surplus  ma- 
terial should  be  uniformly  distributed  by  widening  the  adja- 
cent embankments,  if  possible;  otherwise  it  is  deposited  at 
convenient  places  indicated  by  the  engineer  and  is  said  to  be 
toasted, 

242.  Shrinkage. — In  estimating  the  relative  amounts  of 
excavation  and  embankment  required,  allowance  must  be  made 
for  difference  in  the  spaces  occupied  by  the  material  before  ex- 
cavation and  after  it  is  settled  in  embankment.  The  various 
earths  will  be  more  compact  in  embankment,  rock  less  so.  The' 
difference  in  volume  is  called  shrinkage  in  the  one  case,  and 
increase  in  the  other. 

Shrinkage  in  1000  cu.  yds. 
'^-  Material.  Of  excavation.    Of  settled  embkt 

Sand  and  gravel 80  C.  Yds.  87C.  Yds. 

Clay 100    "  111    ** 

Loam 120    '•  136    " 

Wet  soil 150    *•  200 


ii 


Increase  in  1000  cu.  yds. 

Rock,  large  fragments 600  C.  Yds.         875  C.  Yds. 

•*     medium  iragments 700    **  413     " 

**     small  •       800    "  444    " 
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Thus,  an  ezcaTation  of  sand  and  gravel  measuring  1000  cubic 
yards  will  form  only  about  920  cubic  yards  of  embankment;  or 
an  embankment  of  1000  cubic  yards  will  require  1087  cubic 
yards  of  sand  or  gravel  measured  in  excavation  to  fill  it ;  but  will 
require  only  587  cubic  yards  of  rock  excavation,  the  rock  being 
broken  into  medium-sized  fragments;  while  1000  cubic  yards 
of  the  latter,  measured  in  excavation,  will  form  1700  cubic 
yards  of  embankment. 

Tlie  lineal  settlement  of  an  earth  embankment  will  be 
about  in  the  ratio  given  above,  therefore  the  contractor  should 
be  instructed  in  setting  his  poles  to  guide  him  as  to  the  height 
of  grade  on  an  earth  embankment,  to  add  10  per  cent  (average) 
to  the  fill  marked  on  the  stakes.  In  rock  embankments  this 
18  not  necessary.  The  engineer  should  see  that  all  embank- 
ments are  made  full  width  at  first,  out  to  the  slope  stakes,  and 
by  measure  at  or  above  grade,  so  that  the  whole  may  settle  in 
a  compact  mass.  Additions  to  the  width  made  subsequently 
ire  likely  to  slide  off. 


:3*  The  cross-section  notes  should  be  traced  in  ink  at  the 
first  opportunity  to  secure  their  permanence.  An  office  copy 
should  also  be  made  to  serve  in  case  of  loss  or  damage  to  the 
original. 

244.  Alteration  of  Line. — Inasmuch  as  the  centre  line 
at  grade  is  the  base  of  reference  for  all  measurements  and  cal- 
culations in  earthwork,  any  change  made  in  it  after  the  work 
of  grading  has  begun  should  be  most  carefully  recorded  and 
explained.  The  centre  stakes  of  the  old  line  should  be  left 
standing  until  after  the  new  line  is  established,  so  that  the  per- 
pendicular offset  from  the  old  Ime  to  the  new,  at  each  station, 
may  be  measured,  as  also  the  distance  that  the  new  station  may 
be  in  advance  of,  or  behind  the  old  one.  The  date  of  the  change 
should  be  recorded.  The  original  cross  sections  are  extended 
any  amount  requisite,  the  distance  out  being  still  reckoned  from 
the  old  centre,  while  a  marginal  note  states  the  amount  by  which 
the  centre  has  been  shifted. 

The  difference  in  length  of  the  lines  will  make  a  long  or  short 
station  at  the  point  of  closing.  The  exact  length  of  such  a 
station  should  be  recorded,  so  that  it  may  be  observed  in  re- 
tracing the  line  at  any  time,  and  m  calculating  the  quantity  of 
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earthwork.  The  original  transit  notes  of  the  altered  line  should 
be  preserred,  but  marked  as  **  abandoned,"  with  a  reference  to 
the  notes  of  the  new  line  on  another  page. 

245.  I>raiiis  and  Culverts.— The  engineer  should  ex 
amine  the  nature  and  extent  of  each  depression  in  the  profile 
with  reference  to  the  kind  of  opening  required  for  the  passage 
of  water.  For  small  springs,  and  for  a  limited  surface  of  rain- 
fall, cement  pipes,  in  sizes  varying  from  Id  to  24  inches  diame- 
ter, serve  an  excellent  purpose  as  drains.  These  are  easily  laid 
down,  and  if  properly  bedded,  with  the  earth  tamped  about 
them,  are  very  permanent;  but  their  upper  surface  should  be 
at  least  2^  feet  below  grade.  The  embankment  is  protected  at 
the  upper  end  of  the  drain  by  a  bit  of  vertical  wall,  enclosing 
the  end  of  the  pipe.  If  necessary,  a  paved  gutter  may  lead  to 
it. 

"Where  stone  abounds,  the  bed  of  a  dry  ravine  may  be  partly 
filled  with  loose  stone,  extending  beyond  the  slopes  a  few  feet, 
which  will  prevent  the  accumulation  of  water. 

When  the  How  of  water  is  estimated  to  be  too  great  for  two 
lines  of  the  largest  cement  pipe,  or  when  the  embankment  is 
too  siiallow  to  admit  them  safely,  a  culvert  is  required.  A 
pavement  is  laid  one  foot  thick,  protected  by  a  curb  of  stone 
or  wood  3  feet  deep  at  each  end,  and  wide  enough  to  allow  the 
walls  to  be  built  upon  it  It  should  have  a  uniform  slope,  usu- 
ally between  the  limits  of  60  to  1  and  100  to  1  to  ensure  the 
ready  flow  of  water.  In  firm  soils  the  foundation  pit  is  exca- 
vated one  foot  below  the  bed  of  the  stream,  but  if  mud  is  found 
this  must  be  removed  and  the  space  filled  with  riprap,  the  up- 
per course  of  which  is  arranged  to  form  the  pavement  at  the 
proper  level.  In  a  V-shaped  ravine,  requiring  too  much  ex- 
cavation at  the  sides,  and  where  the  fall  is  considerable,  riprap 
may  be  used  to  advantage,  the  bed  of  the  stream  above  the 
culvert  being  graded  up  by  the  same  material  to  meet  the  pave- 
ment. In  some  cases  a  curtain,  or  cross  wall,  is  necessary  on 
tlie  lower  end  to  retain  the  riprap. 

Culverts  should  be  laid  out  at  right  angles  to  the  centre  line 
whenever  practicable,  the  bed  of  the  stream  being  altered  if 
necessary.  The  length  of  an  open  culvert  is  the  entire  distance 
between  slope  stakes,  the  walls  being  parallel  throughout,  or 
the  length  may  be  taken  somewhat  less  than  this,  and  the  waUi 
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turned  at  right  angles  on  the  upper  end,  forming  a  facing  to 
the  foot  of  tbe  plope.  The  walls  are  carried  up  to  grade  for 
the  width  of  the  roadbed,  and  are  stepped  down  to  miit  the 
slopes.    A  course  is  afterwards  added  to  retain  the  ballast. 

In  box  culverts  the  span  raries  from  2  to  6  feet,  the  height 
in  the  clear  from  2  to  6  feet;  the  thickness  of  walls  from  8  to 
4  feet ;  tbe  thickness  of  cover  from  12  to  18  mches,  and  its 
length  at  least  2  feet  greater  than  the  span.  The  walls  terminate 
in  short  head-walls  built  parallel  to  the  centre  line,  the  top 
course  being  a  continuation  of  the  cover.  The  length  of  a 
head-wall,  measured  on  the  outer  face,  is  equal  to  the  height  of 
the  culvert  in  the  clear  multiplied  by  the  slope  ratio  of  the 
embankment.  The  perpendicular  distance  from  the  centre 
line  to  the  face  of  a  head- wall  is  equal  to  one  half  the  road-bed, 
plus  the  depth  of  the  top  of  the  wall  below  grade  multiplied  by 
the  slope  ratio,  or  \h  +  sk.    A  coping  is  sometimes  added. 

246.  Arch  culverts  are  used  when  tbe  span  required  is 
more  than  5  feet,  and  the  embankment  too  high  to  warrant 
carrying  the  walls  up  to  grade  as  an  open  culvert.  The  span 
varies  from  6  to  20  feet;  the  arch  is  a  semicircle,  the  thickness 
varying  from  10  or  12  inches  to  18  or  20  inches.  The  height 
of  abutments  to  the  springing  line  varies  from  2  to  10  feet,  the 
thickness  at  the  springing  line  from  3  to  5  feet,  and  at  the  base 
from  3  to  6  feet,  the  back  of  the  abutment  receiving  the  batter- 
The  foundations  are  laid  broader  and  deeper  than  in  box  cul^ 
verts,  each  abutment  having  its  own  pit,  carried  to  any  depth 
found  necessary.  The  half  length  of  the  culvert  is  i^  +  ^k,  m 
which  k  Is  the  depth  of  the  crown  of  the  arch  below  grade. 
The  abutments  are  carried  up  half  way  from  the  spring  to  the 
level  of  the  crown  of  the  arch,  and  thence  sloped  off  toward 
the  crown.  The  face  walls  are  carried  up  to  the  crown,  and 
coped.  The  wing  walls  stand  at  an  angle  of  SO""  with  the 
axis  of  the  culvert;  they  receive  a  batter  on  th^  face,  and  are 
stepped  (or  sloped)  down  to  suit  the  embankment.  Their 
thickness,  ,at  the  base,  is  the  same  as  that  of  the  abutment;  at 
the  outer  end  3  feet.  They  stop  about  3  feet  short  of  the  foot 
of  the  slope.    They  need  not  be  curved  in  plan. 

Any  stone  structure  of  dimensions  greater  than  those  given 
above,  scarcely  comes  under  the  head  of  culverts*  and  should 
l)e  made  the  subject  of  a  special  design  by  the  engineer. 
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247.  Staking  out  Foundation  Pits.— For  box 
culverts. — The  engineer  having  decided  upon  the  size  of  cul- 
vert required,  makes  a  diagram  of  it  in  plan,  on  a  page  of  his 
masonry  book,  recording  all  the  dimensions,  stating  the  sta- 
tion and  pliis  at  wiiich  its  centre  is  taken,  the  span  and  height 
of  the  opening,  etc.  He  then  sets  the  transit  at  the  centre  A, 
Fig.  93,  measures  the  angle  between  the  centre  line  and  axis. 
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(making  it  90^  if  practicable);  on  the  axis  he  lays  off  the  dis- 
tances to  the  ends  of  the  culvert  and  drives  stakes  at  B  and  G. 
Perpendicular  to  BChe  lays  off  the  half  widths  of  the  pit,  set- 
ting stakes  at  D  and  E,  and  laying  off  DFa.nd  EH  =  AB\  and 
DO  and  EI  =  AC.  On  10  produced  he  lays  off  CJ  =  CK,  and 
perpendicular  to  this  JM  and  KL,  and  finds  the  intersections 
0  and  N,  A  stake  is  driven  at  each  angle,  and  upon  it  is 
marked  the  cut  required  to  reach  the  assumed  level  for  the 
foundation.  These  cuts  are  recorded  on  the  corresponding 
angles  of  the  diagram.  The  pit  is  thus  no  larger  than  the 
plan  of  the  proposed  masonry,  and  the  sides  are  vertical,  which 
answers  the  purpose  for  shallow  pits. 

For  arch  culverts.— The  pit  for  each  abutment  when 
shallow  may  be  of  the  same  dimensions  as  the  lower  founda- 
tion course ;  if  more  than  five  feet  deep,  it  should  be  enlarged 
by  an  extra  space  of  one  foot  all  around.    In  Fig.  94  the  inside 
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lines  show  the  plan  of  the  abutments  at  the  neat-lines ;  the 
outside  lines  represent  the  pits.  Having  prepared  a  plan  of 
the  structure  suited  to  the  locality,  and  made  a  diagram  of 
the  same  in  the  masonry  book,  set  the  transit  at  A,  and  drive 
stakes  at  i>,  ^,  ^  and  0  on  the  centre  line.  Then  turning  to 
the  axis  BC,  lay  off  AC,  and  set  stakes  at  G  and  /.  With  G 
as  a  centre,  and  a  radius  equal  to  2DE,  describe  on  the  ground 
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an  arc  cutting  EI  in  X  or  (IX  =  BE .  cot  80°)  may  be  calcu- 
lated; and  on  XG  produced  lay  off  GK,  and  perpendicular  to 
this,  J£X.  From  N  lay  off  NP,  parallel  to  AG,  and  measure 
PL  as  a  check.  Drive  a  stake  at  each  angle,  marked  with  the 
proper  cutting,  and  record  the  same  on  the  diagram.  The 
locality  may  require  the  wings  to  be  of  different  lengths  and 
angles,  of  which  the  engineer  will  judge.  Guard-plugs  should 
be  driven  m  Ime  with  the  intended  face  of  one  or  both  abut- 
ments, so  that  the  neat-lmes  can  be  readily  given  when  re- 
quired. In  case  the  material  is  not  likely  to  stand  vertically, 
the  pit  must  be  staked  out  with  sloping  sides,  as  described 
below. 

For  bridge  abutments.— A  design  for  every  impor- 
tant structure  is  usually  prepared  in  the  office  after  a  survey 
of  the  site.  The  foundation  pit  is  then  laid  out  from  dimen- 
sions  furnished  on  a  tracing,  but  a  diagram  of  the  pit  should  be 
made  in  the. masonry  book  as  usual.  When  the  bridge  is  on  a  tan- 
gent. Fig.  95,  set  the  transit  at  A  on  the  centre  line  at  Its  inter* 
section  with  the  axis  BC  of  the  ^aibutmeni  at  the  level  of  th^  seat. 
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H.  Sunt  net. 

Deflect  from  the  tangent  the  angle  giving  the  direction  of  BC, 
and  lay  off  AC,  AB,  setting  plugs  at  B  and  C,  and  reference 
plugs  (two  on  each  side)  on  BC  produced.  After  staking  out 
the  sides  of  the  pit  parallel  to  BOy  set  the  transit  at  Gy  and 
deflect  the  angle  for  the  wing,  laying  off  CB,  and  driving 
stakes  at  the  comers  E  and  F.  Two  reference  points  are 
then  set  on  the  line  CD  produced.    The  other  wing  being 
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staked  out  in  the  same  manner,  the  cut  is  found  at  each  stake 
and  marked  and  recorded.  Cross  sections  are  then  taken  near 
each  corner,  perpendicular  to  each  side,  and  slope  stakes 
(marked  '*  slope")  are  driven  where  the  slope  runs  out.  Inter- 
mediate  sections  are  taken  when  the  unevenness  of  the  ground 
makes  it  necessary,  and  the  lines  joining  the  slope  stakes  are 
produced  to  intersect,  and  other  stakes  are  driven  at  the  inter- 
sections. The  position  of  each  stake  is  shown  on  the  diagram, 
and  the  cut  recorded. 

A  slope  of  1  to  1  is  usually  sufficient  for  pits.  If  the  material 
will  not  stand  at  1^  to  1,  or  if  space  cannot  be  spared  for  the 
slope,  the  sides  may  be  carried  down  vertically,  supported  by 
sheet  piling  braced  from  within. 

The  reference  points  should  be  so  chosen  that  the  points  Ay 
B  and  G  may  be  found  by  intersection,  on  any  course  of  the 
masonry,  during  the  progress  of  construction. 

Wben  the  bridgre  is  on  a  curve,  the  bridge-chord 
should  be  found  and  the  abutments  laid  out  from  this.  Fig.  96. 
The  bridge-chord  is  a  line  AB,  midway  between  the  chord  of 
the  curve  CBy  joining  the  centres  of  the  abutments,  and  a  tan- 
gent to  the  curve  at  the  middle  point  of  the  span.    Henoe 
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OA  =  DB  =  iM2f,  iThicli  may  be  laid  off,  and  A  and  B  are 
the  true  centres  of  the  abutmeate,  from  which,  tbe  fouudationB 
we  staked  out  aa  before. 

The  distance  CE  =  BF  to  the  points  wbere  the  bridge-chord 
cuts  the  curve  is  0.147(7ft 

Sbould  an  abutment  site  on  a  curve  be  inaccea^ble,  as  wben 


under  water,  from  any  transit  point  P  on  the  curve  lay  off.  PX 
perpendicular  to  the  tangent  at  M,  observing  that 


PX=MQ-AC= 

AX  =  PQ-\AB  = 


R  (vera  PM~i -vera  CM) 
R(,HnP]lf-iCD) 


The  point  A  may  then  be  found  by  intersection,  or  by  direct 
measurement  wilh.  a  sleul  tape  or  wire,  driving  a  long  slout 
stake  to  show  tlie  point  above  the  water.  Other  points  may 
then  be  approximately  found,  suflieient  to  begin  operations. 

In  case  of  a  bridge  of  several  spans,  the  piers  are  laid  out  in 
tbe  same  manner,  from  a  centre  point  and  axis.  If  on  a  curve, 
each  span  baa  its  own  bridge-chord,  but  for  convenience,  the 
centre  of  a  pier  may  be  taken  on  the  centre  line  during  its  con- 
Btmction,  and  the  bridge-chord  only  found  for  Ibe  purpose  of 
placing  the  bridge ;  the  piera  being  long  enough  to  allow  of  the 
shift 
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To  locate  the  centres  of  piers,  a  base  line  is  re- 
quired on  one  or  both  shores,  and  two  transits  are  used  to  give 
the  intersections  by  calculated  angles.  When  practicable  the 
spans  should  also  be  measured  with  a  steel  tape  or  wire. 

The  bed  of  a  pit  for  any  sort  of  structure  should 
receive  the  closest  scrutiny  of  the  engineer,  it  being  his  duty 
to  judge  whether  the  material  will  resist  the  load  to  be  im- 
posed upon  it.  A  pit  may  require  to  be  excavated  to  a  greater 
depth  than  first  ordered,  while  sometimes  a  less  depth  will 
answer,  as  when  solid  rock  is  found.  When  a  good  material 
is  reached,  if  any  doubt  exist  as  to  its  thickness,  or  as  to  the 
character  of  the  underlying  stratum,  borings  should  be  made 
or  sounding  rods  driven  down.  Piles  may  be  driven  to  gain 
the  requisite  firmness,  and  a  layer  of  riprap,  of  beton,  or  of 
timber  may  be  used  to  afford  a  uniform  bearing.  When  satis- 
fied of  the  stability  of  the  bed,  the  engineer  finds  the  original 
centres,  and  gives  points  for  the  courses  of  masonry.  A  com- 
plete record  is  kept  of  the  amount  and  kind  of  excavation,  the 
materials  used  in  foundation  under  the  masonry,  and  of  the 
size  and  thickness  of  each  foundation  course  of  masonry;  the 
notes  should  be  taken  at  the  time  the  work  is  done,  it  being 
generally  impossible  to  take  measurements  thereafter. 

24:8.  Cattle-guards  are  shallow  pits  placed  at  right 
angles  across  the  road  at  the  fence  lines  to  prevent  the  passage 
of  cattle.  They  are  either  entirely  open,  in  which  case  they 
should  be  at  least  4  feet  deep,  or  they  are  covered  in  part  with 
wooden  rails  laid  a  few  inches  apart.  The  open  guard  is 
preferred.  It  is  built  like  an  open  culvert  except  that  no 
pavement  is  required.  The  stringers  carrying  the  rails  over 
nny  opening  should  be  no  longer  than  the  span  plus  the  thick- 
ness of  the  walls. 

249.  Trestle  Work, — No  wooden  culverts  should  ever 
be  used.  If  stone  cannot  be  had  at  first,  two  trestle  bents  may 
be  erected,  leaving  between  them  a  space  sufiicient  to  contain 
the  stone  structiire  to  be  built  when  the  material  for  it  can  be 
brought  by  rail.  The  bents  may  be  backed  by  plank  to  retain 
the  embankment,  and  the  stringers  are  then  notched  down  an 
Inch  on  the  caps  to  receive  the  pressure  of  the  earth,  and 
render  the  bents  mutually  sustaining.  The  sills  are  prevented 
from  yielding  to  the  pressure  of  the  earth  by  being  sunk  in 
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a  trencli,  or  by  sheet  piling.  Should  the  span  be  too  long,  a 
central  bent  may  be  used,  so  as  not  to  interfere  with  building 
the  wall.  Sometimes  pile-bents  may  be  used  with  greater  ad- 
vantage, the  piles  being  driven  in  rows  of  four  each,  and  cap- 
ped to  receive  the  stringers.  In  districts  where  suitable  stone 
is  entirely  wanting,  pile  or  trestle  abutments  and  piers  are 
used  for  the  support  of  bridges,  the  piles  or  posts  being 
arranged  in  groups  and  capped  to  receive  the  direct  weight  of 
the  trusses.  They  should  not  sustain  the  embankment,  but 
should  be  connected  with  it  by  a  short  trestle  work. 

Trestle  work  is  frequently  used  as  a  substitute  for  embank- 
ment, either  to  lessen  the  first  cost,  or  to  hasten  the  completion 
of  the  line,  or  for  lack  of  suitable  material  with  which  to  form 
an  embankment.  The  cost  of  trestle  work,  however,  is  not 
less  than  that  of  an  earth  embankment  formed  from  borrow 
pits,  unless  its  height  exceeds  about  15  feet,  depending  on  the 
relative  prices  of  materials  and  labor.  When  not  exceeding  80 
feet  in  height,  the  bents,  for  single  track,  are  usually  composed 
of  two  posts,  a  cap  and  sill,  each  12  X  12,  and  two  batter  posts, 
10  X  13,  inclined  at  Jth  to  1,  all  framed  together.  Two  lengths 
of  3-inch  plank  are  spiked  on  diagonally  on  opposite  sides  of 
the  bent  as  braces.  The  length  of  the  caps  should  equal  the 
width  of  the  embankment;  the  posts  should  be  5  feet  from 
centre  to  centre,  and  the  batter  posts  2  feet  from  the  posts  at 
the  cap.  The  sill  should  extend  about  two  feet  beyond  the 
foot  of  the  batter  post.  A  masonry  foundation  for  the  bent  is 
preferable,  though  pile  foundations  are  not  uncommon,  and 
some  temporary  structures  are  placed  directly  on  a  firm  soil, 
supported  only  by  mudsills  laid  crosswise  under  the  sill.  The 
spans,  or  distance  between  bents,  may  vary  from  12  to  16  feet. 
The  stringers  should  consist  of  4  pieces,  2  under  each  rail, 
l)olted  together,  with  packing  blocks  to  separate  them  2  or  3 
Inches.  Over  each  bent  and  at  the  centre  of  each  span  a  piece 
of  thick  plank  about  4  feet  long  should  be  placed  on  edge 
between  the  two  pair  of  beams  to  preserve  the  proper  distance 
between  them,  while  rods  pass  through  the  beams  and  strain 
them  up  to  the  ends  of  the  plank,  to  mcrease  the  stability  of  the 
beams  and  prevent  their  buckling  under  a  load.  The  string- 
ers should  be  able  to  carry  safely  the  heaviest  load  without 
bracing  against  the  posts.  The  bents,  however,  if  high,  must 
be  braced  against  each  other.     The  stringers  should  be  con- 
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tinuous,  tne  two  pieces  breaking  joints  with  each  other  at  the 
bents,  to  which  they  are  firmly  bolted.  They  may  rest  directly 
on  the  caps,  or  corbels  may  intervene.  The  spans  on  a  curve 
should  be  shorter  than  on  a  tangent.  The  ties  should  be 
notched  down  to  fit  the  stringers  closely,  and  guard  rails,  cither 
wood  or  iron,  secured  to  them  firmly.  Unless  the  spans  are 
very  short,  horizontal  bracing  should  be  employed  cSnsisting 
of  8-inch  plank,  extending  from  the  centre  of  each  span  to  the 
ends  of  the  caps,  which  are  notched  down  to  receive  the  plank. 

For  trestles  much  higher  than  80  feet  the  cluster  bent  is 
preferable,  so  termed  because  each  vertical  post  is  composed  of 
a  cluster  of  four  pieces,  8X8,  standing  a  little  apart  to  allow 
the  horizontal  members  to  pass  between  them.  The  verticals 
are  continuous,  breaking  joints,  two  and  two,  while  the  hori- 
zontals pass  the  posts  and  are  bolted  to  them  at  the  joints;  the 
framing  is  accomplished  entirely  by  packing  blocks  and  bolts. 
The  batter  posts  consist  each  of  two  pieces  8x8;  the  horizon- 
tals may  be  4  X  10,  and  extend  not  only  across  the  bent,  but 
from  one  bent  to  another.  Proper  bracing  is  also  used  in  every 
direction.  When  very  high,  a  secondary  pair  of  batter  posts 
may  be  introduced  in  the  lower  part  of  the  structure.  The 
batter  need  not  exceed  Jth  to  1.  In  some  instances  two  adjoin- 
ing bents  are  strongly  braced  together,  forming  a  tower  or  pier, 
and  the  piers  placed  from  50  to  100  feet  apart,  the  roadway 
being  carried  on  trussed  bridges.  The  cluster  bent  admits  of 
any  piece  being  removed  and  a  new  one  inserted  when  neces- 
sary. 

Iron  trestles  are  now  adopted  where  a  permanent  struc- 
ture is  desired.  Owing  to  the  expansion  of  the  metal  by  heat, 
the  bents  cannot  be  continuously  connected  with  eivch  other  as 
in  a  wooden  trestle;  hence  the  pier  form  is  resorted  to,  having 
spans  varying  from  80  to  150  feet,  covered  by  trussed  bridges, 
and  the  whole  structure  is  more  properly  styled  a  viaduct 

250.  Tunnels.  Tunnels  are  adopted  in  certain  cases  to 
avoid  excessive  excavations,  steep  grades,  high  summits,  and 
circuitous  routes.  Their  disadvantages  are  the  increased  time 
and  cost  of  their  construction  compared  with  an  open  line,  and 
their  lsu;k  of  light  and  fresh  air  when  in  use.  It  is  desirable 
that  they  should  be  on  a  tangent  throughout,  both  for  the  ad- 
mission of  light  and  for  convenience  of  alignment      Many 
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tunnels,  however,  have  been  built  with  a  curve  at  one  or  both 
ends.* 

Tbe  location  of  a  tunnel,  other  things  being  equal,  should 
be  such  as  to  make  not  only  the  tunnel  proper,  but  also  its  im- 
mediato  approaches  by  open  cut  as  short  as  possible;  and  the 
'latter  should  bo  selected  so  as  not  to  be  subject  to  overflow, 
nor  liable  to  land  slides.  The  mateiial  to  be  encountered  may 
frequently  be  determined  with  tolerable  accuracy  by  a  study 
of  the  geological  formation  in  the  vicinity,  or  by  actual  borings. 
The  most  favorable  material  for  tunnelling  is  a  homogeneous 
self-supporting  rock,  devoid  of  springs,  which  does  not  disin- 
tegrate on  exposure  to  the  atmosphere.  The  worst  materials 
are  saturated  earth  and  quicksands.  The  presence  of  water  in 
any  material  increases  the  cost  considerably. 

Tlie  aligTDineut  of  a  tunnel  is  made  the  subject  of  special 
survey,  after  the  general  location  is  decided,  and  this  is  more 
or  less  elaborate  according  to  the  length  of  tunnel.  A  perma- 
nent station  is  established  at  the  highest  point  crossed  by  the 
tunnel  tangent,  from  which,  if  possible,  monuments  are  sot  m 
each  direction  at  points  beyond  the  ends  of  the  timnel.  li 
there  are  t\Vo  principal  summits,  stations  on  these  will  deflne 
the  tangent,  which  may  then  be  produced.  The  monuments 
established  beyond  the  tunnel  should  be  sufficiently  distant  to 
afford  a  perfect  backsight  from  the  ends  of  the  tunnel,  where 
other  monuments  are  also  established.  The  first  quality  of  in- 
struments only  should  be  used,  and  these  perfectly  adjusted, 
and  the  observations  should  be  repeated  many  times  until  it  is 
certain  that  all  perceptible  errors  are  eliminated.  Since  the 
line  of  collimation  will  be  frequently  inclined  to  the  horizon 
at  a  considerable  angle,  it  is  important  tliat  it  should  revolve 
in  a  vertical  plane;  and  to  secure  this,  a  sensitive  bubble  tube 
should  be  attached  to  the  horizontal  axis,  at  right  angles  to  the 
telescope  of  the  transit.  The  distance  may  be  obtained  by  tri- 
angulation,  though  direct  measurement  is  to  be  preferred.  A 
steel  tape  is  convenient  and  accurate,  providing  that  allowance 
be  made  for  variations  due  to  temperature,  from  an  assumed 
standard.    The  rods  described  in  §  43  may  be  used  instead  of 


*The  Mont  Cents  tunnel,  requiring  a  curve  at  each  end,  was  first 
opened  on  the  tangent  produced,  giving  a  straight  line  through,  and  the 
cunreff  were  excavated  subsequently. 
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plumb  lines,  the  tape  being  held  at  right  angles  to  them,  and 
therefore  horizontal.  A  plug  should  be  driven  for  each  rod  to 
stand  on,  and  a  centre  set  to  indicate  the  line  and  measure* 
ment. 

As  the  excavation  of  the  tunnel  proceeds,  the  centre  line  is 
given  at  short  intervals  by  points  either  on  the  floor  or  roof. 
Overhead  points  are  generally  preferred,  from  which  short 
plumb  lines  may  be  hung,  constantly  indicating  the  line,  with 
little  danger  of  being  disturbed.  When  a  new  transit  point  is 
required  in  the  tunnel,  it  should  be  established  directly  under 
an  overhead  point,  which  serves  as  a  check  upon  its  pernui* 
nence,  and  as  a  backsight  when  needed. 

Shafts  are  sometimes  opened  to  give  access  to  several  points 
of  the  tunnel  at  the  same  time,  thus  facilitating  the  work,  though 
at  an  increased  cost.  They  also  serve  for  ventilation  during  the 
progress  of  the  work,  though  they  are  worse  than  useless  for 
this  purpose  afterward,  except  possibly  in  the  case  of  a  single 
shaft  near  the  centre  of  the  tunnel.  Some  of  the  longest  tun- 
nels have  been  formed  without  shafts,  while  many  shorter  ones 
have  had  several,  which  have  generally  been  closed  after  the 
tunnel  was  completed.  Shafts  are  either  vertical,  inclined,  or 
nearly  horizontal;  in  the  latter  case  they  are  called  adits.  In- 
clined shafts  should  make  an  angle  of  at  least  OO""  with  the  ver- 
tical. Vertical  shafts  may  be  either  rectangular,  round,  or 
oval.  Their  dimensions  vary,  depending  on  their  depth  and 
the  material  encountered,  between  8  and  25  feet.  They  are 
usually  sunk  on  the  centre  line  of  the  tunnel,  though  some- 
times at  one  side.  When  over  the  tunnel  the  alignment  below 
is  obtained  directly  from  two  plumb  linos  of  fine  wire  suspended 
on  opposite  sides  of  the  shaft  from  points  very  carefully  deter- 
mined at  the  surface.  The  plummets  are  suspended  in  water 
to  lessen  their  vibrations,  and  as  soon  as  the  transit  can  be  set 
up  at  a  sufficient  distance  to  bring  the  lines  into  focus,  it  is 
shifted  by  trial  into  exact  line  with  the  mean  of  their  oscilla- 
tions, the  latter  being  very  limited.  Permanent  points  may 
then  be  set,  but  should  be  repeatedly  verified.  As  soon  as  the 
workings  from  a  shaft  communicate  with  those  from  either 
end,  or  from  another  shaft,  tlie  alignment  thus  found  is 
tested,  and  revised  if  necessary.  These  operations  require  the 
greatest  nicety  of  observation  and  delicacy  of  manipulation  to 
obtain  satisfactory  results. 
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From  plumb  lines  in  the  central  shaft  of  the  Hoosac  tunnel, 
the  line  was  produced  three  tenths  of  a  mile,  and  met  the  line 
produced  2. 1  miles  from  the  west  end  with  an  error  in  offset 
of  five  sixteenths  of  an  inch.  In  the  Mont  Cenis  tunnel  the 
lines  met  from  opposite  ends  with  "  no  appreciable"  error  in 
alignment,  while  the  error  in  measurement  was  about  45  feet 
m  a  total  length  of  7.6  miles. 

When  a  curve  occurs  in  a  tunnel  it  is  usually  near  one 
end.  The  tunnel  tangent  is  produced  and  established  as 
before  described,  and  a  second  tangent  from  some  point  on  the 
curve  outside  the  tunnel  is  produced  to  intersect  it,  the  inter- 
section being  precisely  determined  and  the  angle  measured 
with  many  repetitions.  The  tangent  distances  are  then  calcu- 
lated, and  the  position  of  the  tangent  points  corrected  by 
precise  measurements,  and  permanent  monuments  are  estab- 
)ished.  As  the  tunnel  advances,  points  may  be  set  at  short 
Intervals  on  the  curve  in  the  usual  manner ;  but  at  intervals 
of  100  feet  the  regular  stations  should  be  defined  with  finely 
centred  monuments,  using  a  100-foot  steel  tape  carefully  sup- 
ported in  a  horizontal  position.  When  it  is  necessary  to  use  a 
subchord,  its  exact  length  should  be  calculated  as  shown  in 
§  107.  When  the  curve  has  advanced  so  far  as  to  render  a  new 
transit  point  necessary,  this  should  be  established  at  a  full 
station.  Th€  subtangents  from  the  two  transit  points  should 
then  be  produced  to  intersect,  and  measured  for  equality  with 
each  other  and  with  their  calculated  length.  The  distance 
from  their  intersection  to  the  middle  of  the  long  chord  should 
also  be  measured  as  a  check  on  the  deflections.  When  no 
perceptible  errors  remain,  the  curve  may  be  produced  as 
before  until  the  P.  T.  is  reached.  It  is  evident  that  correct 
measure  is  indispensable  to  correct  alignment  on  curves. 
Should  obstacles  on  the  surface  necessitate  triangulation,  more 
than  ordinary  care  must  be  exercised,  and  as  many  checks 
introduced  as  possible.  The  triangles  should  be  so  arranged 
that  all  of  the>  angles  and  most  of  the  sides  may  be  measured. 

Test  levels  are  carried  over  the  surface  with  great  care, 
each  turning  point  being  made  a  permanent  bench,  and  its 
elevation  determined  with  a  probal)le  error  not  exceeding 
0.005  foot.  Levels  may  be  carried  down  a  shaft  on  a  series  of 
bolts  or  spikes  about  12  feet  apart  in  the  same  vertical  line, 
the  distances  being  measured  by  the  same  level-rod  as  that 
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with  which  the  benches  are  determined.  The  measures  should 
be  taken  between  two  graduations  of  the  rod,  not  using  the 
end  of  the  rod,  which  may  be  slightly  worn.  Fine  horizontal 
lines  on  the  heads  of  the  bolts  may  be  used  to  mark  the  exact 
distances.  After  the  shaft  reaches  the  level  of  the  tunnel,  the 
depth  may  be  measured  more  directly  with  a  steel  tape,  the 
entire  length  of  which  has  been  corrected  at  the  given  tem- 
perature, by  comparison  with  the  same  rod. 

If  the  ^rade  of  a  tunnel  is  to  be  continuous,  it  should 
be  assumed  at  something  less  than  the  maximum  of  the  road, 
but  not  less  than  0.10  per  station,  which  is  required  for 
drainage.  If  a  summit  is  to  be  made  in  the  tunnel,  the  grade 
from  tlie  upper  end  should  not  exceed  0.10  per  Btalion. 
Grades  are  given  in  the  tunnel  from  day  to  day,  or  as  often  as 
required  by  the  progress  of  the  work,  the  marks  being  made 
on  the  sides  at  some  arbitrary  distance  above  grade>  Turning 
points  should  be  taken  on  permanent  benches. 

Tjhe  least  width  of  a  tunnel  in  the  clear  should  be,  for 
single  track  al)out  15  feet,  and  for  double  track  26  feet.  Tlie 
least  lieigrht  in  the  clear  above  the  tie  should  be  18.5  feet 
for  single  track,  and  16.5  feet  at  the  outside  rails  for  double 
track,  allowing  for  tie  and  ballast;  the  roof  at  the  centre  of  the 
section  should  be  at  least  20  feet  above  subgrade,  and  with  a 
full  centred  arch  22  or  23  feet  for  double  track.  The  ibrm 
of  section  depends  somewhat  on  the  material  traversed.  In 
perfectly  solid  rock  a  nearly  rectangular  section  may  be  used, 
the  roof  being  slightly  rounded.  In  dry  clay,  and  stratified 
rock,  a  flat  arch  may  be  used,  and  in  olher  cases  a  full-centred 
arch.  The  latter  form  is  rather  to  be  preferred  on  account  of 
the  better  ventilation  afforded.  The  sides  are  made  vertical, 
battered  or  curved,  as  necessity  or  taste  may  dictate.  In  wet 
and  infirm  soil  an  invert  floor  may  be  required,  otherwise  it 
is  made  level  transversely.  When  a  lining  is  required  the 
original  section  must  of  course  be  made  large  enough  to 
allow  for  the  masonry,  and  the  temporary  timber  supports 
behind  it.  Hard  burned  brick  is  usually  adopted  for  arching, 
being  durable  and  easily  handled.  In  loose  rock  the  arching 
may  be  from  13  to  26  inches  thick,  in  wet  and  yielding  soil  a 
thickness  of  from  20  to  39  inches  may  be  necessary.  The 
walls  may  be  from  2^0  6  feet  thick. 

In  forming  a  tunnel,  a  heardiug^  or  gallery  of  smaller 
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crosg  section  is  first  driven  and  afterwards  enlarged  to  the 
full  size  required.  In  firm  clay  or  loose  rock  which  yrill  tem- 
porarily support  itself  until  the  masonry  can  be  put  in,  it  is 
better  to  drive  the  heading  along  the  floor  (at  subgrade)  of  the 
tunnel,  the  remaining  material  being  then  easily  thrown  down 
\n  sections  as  the  arching  is  advanced.  In  solid  rock,  or  wet 
earth,  a  top-heading  (along  the  roof)  is  generally  preferred. 
The  dimensions  of  a  heading  driven  by  hand  are  usually  8  feet 
high  by  8  or  10  feet  wide,  but  in  solid  rock  where  drilling 
machinery  is  introduced,  it  is  advantageous  to  make  the  head« 
ing  as  wide  as  the  tunnel  at  once.  By  drilling  holes  into  the 
face  at  points  about  five  feet  each  side  of  the  centre,  and  con- 
verging on  the  centre  line  at  a  depth  of  about  ten  feet,  a  tri 
angular  mass  of  rock  may  be  blown  out,  and  the  space  thus 
gained  facilitates  the  blasting  of  the  adjacent  rock  on  either 
side.  An  advance  of  about  10  feet  in  each  day  of  34  working 
houi*s  may  thus  be  made,  using  nitroglycerine  in  some  form 
as  the  explosive  agent.  Owing,  however,  to  unavoidable 
delays  from  various  causes,  this  rate  of  progress  cannot 
always  be  maintained.  At  the  Hoosac  tunnel  the  greatest 
advance  in  one  week  was  50  feet;  in  one  month  184  feet  at 
one  heading.  At  the  Musconetcong  tunnel  a  heading  8  X  22 
feet  in  syenitic  gneiss  was  advanced  at  the  average  rate  of 
137  feet  per  month  for  6  months,  the  maximum  being  144  feet 
—the  enlargement  of  the  tunnel  to  full  size  going  on  at  the 
same  time,  a  few  hundred  feet  behind.  At  the  St.  Gothard 
tunnel  the  north  heading  2.5  X  3  metres  was  advanced  in 
mica  gneiss,  during  the  year  1875  at  the  average  daily  rate  of 
8.71  metres,  with  a  maximum  of  about  4  metres,  but  the  en- 
largement was  not  made.  The  south  heading  advanced  at 
the  rate  of  2  metres  a  day,  timbering  being  at  times  necessary. 

In  ordinary  clay  a  heading  may  be  driven  at  from  75  to  180 
ft.  per  month,  according  to  circumstances,  where  timbering  is 
put  in.  The  enlargement,  including  timbfering  and  masonry, 
may  be  advanced  at  from  20  to  60  ft.  per  month.  Small  tun- 
nels for  water  conduits  are  driven  through  dry  clay  at  the  rate 
of  10  ft.  per  day,  the  masonry  following  at  once  without  tim- 
bering. 

The  compressed  air  used  to  drive  the  drilling  machinery 
serves  to  supply  ventilation  also.  When  this  is  wanting  or 
proves  insufficient,  exhaust  fans  are  used.    At  Mont  Cenis  a 
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horizontal  brattice  or  partition  was  built  in  the  tunnel,  dividing 
it  so  as  to  secure  a  circulation  of  air.  When  foul  gases  are  en- 
countered, ventilation  becomes  a  serious  question,  and  in  one 
instance  an  important  work  was  abandoned  for  this  cause. 

Cross  sections  of  the  heading,  and  also  of  the  tunnel  en 
largement,  should  be  measured  at  intervals  of  about  20  feet,  as 
soon  as  opened,  to  see  that  the  sides,  roof,  and  floor  are  taken 
out  to  the  prescribed  lines,  at  the  same  time  that  the  latter  are 
exceeded  as  little  as  possible.  In  solid  rock,  since  some  ma- 
terial outside  of  the  true  section  will  necessarily  be  thrown 
down,  leaving  an  irregular  outline,  it  is  well  to  take  two  cross 
sections  at  the  same  point,  one  following  the  projections  and 
the  other  the  recesses  of  the  rock,  from  which  an  average  sec- 
tion may  be  estimated.  A  daily,  or  at  least  a  weekly,  record 
of  operations  should  be  kept  in  tabular  form,  and  the  progress 
indicated  by  a  profile  and  cross  sections  drawn  on  a  sufliciently 
large  scale  to  show  details. 

The  drainage  of  a  tunnel  is  best  secured  by  a  line  of 
stoneware  or  cement  pipe  laid  in  a  trench  along  each  side,  and 
covered  with  ballast  or  other  loose  material.  The  entire  floor 
is  thys  made  available  for  the  use  of  the  trackmen.  When  an 
invert  is  used,  the  drain  is  placed  in  the  centre  between  tracks. 
If  the  amount  of  water  is  large,  drain  pipe  may  be  laid  behind 
the  walls,  and  the  back  of  the  arch  may  be  covered  with  as- 
phaltum,  or  coal  tar,  to  prevent  a  constant  dripping  on  the 
track. 

251.  Retracing  the  Line. — As  the  grading  pro- 
gresses, in  either  excavation  or  embankment,  the  principal 
transit  points  are  established  on  the  road-bed  from  the  points 
of  reference,  and  the  centre  line  is  retraced,  setting  stakes  at 
every  50  feet.  Transit  points  on  grade  should  be  flzed  upon 
stout,  durable  posts  firmly  set  in  the  ground,  and  standing 
high  enough  to  be  easily  reached  after  the  ballast  is  laid. 
To  recover  the  old  line,  any  discrepancies  in  measurement 
must  be  left  between  the  transit  points  where  they  occur, 
and  not  carried  forward.  In  retracing  a  curve,  if  the  transit 
is  placed  at  the  forward  point,  allowing  the  chain  to  ad- 
vance toward  it,  slight  differences  in  measurement  will  not 
affect  the  position  of  the  curve.    If  any  short  or  long  sta- 
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tions  have  been  introduced  on  the  location,  their  position  on 
the  line  must  not  be  changed  in  retracing.  The  chain  may 
be  adjusted  so  that  its  measures  will  agree  with  the  recorded 
distances  between  transit  points.  Offsets  are  made  right  and 
left  from  the  new  stakes  to  see  that  the  road-bed  is  of  the  full 
width,  at  all  points.  The  levels  are  also  carried  over  the 
grade,  and  any  remaining  cut  or  fill  found  necessary  is  marked 
on  the  back  of  the  stakes,  due  allowance  being  made  for  the 
probable  settlement  of  embankments. 

252.  As  the  work  approaches  completion  the  contractor 
goes  over  the  line  dressing  it  to  grade  and  opening  the  side 
ditches  if  this  has  not  been  previously  done. 

Drain-tile  should  be  laid  at  the  bottom  of  these  ditches  and 
lightly  covered  with  earth,  particularly  if  the  cut  be  wet. 
These  not  only  prevent  the  water  from  reaching  the  ballast, 
but  by  keeping  the  foot  of  the  slope  comparatively  dry  pre- 
vent the  earth  from  sliding  down  and  filling  up  the  cut. 
There  is  also  a  marked  economy  in  theif  use,  as  the  cost  is 
trifling,  and  all  further  excavation  of  mud  and  water  from 
the  cut  is  generally  obviated.  Should  any  springs  appear  in 
the  slope  a  branch  line  of  smaller  tile  may  be  laid  to  meet  it. 
If  the  slope  is  liable  to  be  overflowed  from  the  surface  above, 
an  open  ditch  should  be  dug  a  few  feet  beyond  the  slope 
stakes,  leading  the  surface  water  to  discharge  elsewhere. 

253*  The  road-bed  being  prepared,  ballast  stakes  are 

driven  at  every  half  station,  giving  the  width  of  the  ballast  at 
its  base,  while  the  tops  of  the  stakes  indicate  the  proper  level 
of  its  upper  surface,  which  is  the  under  side  of  the  tie.  These 
stakes  should  be  set  so  as  to  give  the  proper  elevation  to  the 
outer  rails  on  curves  when  the  ballast  is  graded  to  them.  The 
ballast  should  be  about  one  foot  deep  before  the  ties  are  laid. 
Broken  stone  or  a  mixture  of  coarse  and  fine  gravel  is  the 
best  material,  affording  elasticity  and  good  drainage.  The 
side  slopes  of  the  ballast  are  made  1  to  1 ;  its  width  at  the 
imder  side  of  the  tie  should  be  one  foot  greater  than  the 
length  of  the  tie. 

254.  Track-layiiig. — After  the  ballast  has  been  laid 
and  graded,  the  centre  line  is  retraced  upon  it ;  short  stakes 
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are  used,  each  of  which  is  centred.  On  long  tangents,  one 
stake  in  every  200  feet  is  sufficient,  on  ordinary  curves  one  in 
every  50  feet,  and  on  very  sharp  curves  one  In  every  35  feet. 
The  ties  are  then  spaced  evenly  according  to  the  number 
prescribed  per  mile,  or  per  rail  length ;  but  a  tie  should  not  be 
allowed  to  cover  a  transit  point.  Ties  for  the  standard  gauge 
are  8  or  9 feet  long,  they  should  be  sawed  off  square  at  the  ends 
and  in  uniform  lengths  for  appearance  sake  when  laid. 
Specifications  usually  call  for  ties  having  a  thickness  of  6 
inches  and  a  width  of  from  7  to  10  inches.  The  ends  of  the 
ties  are  aligned  on  one  side  of  the  road,  though  if  cut  into 
uniform  lengths  both  ends  will  be  equally  well  aligned.  The 
rails  are  then  laid  on,  and  spiked  to  gauge.  The  first  spikes 
are  driven  in  the  ties  near  a  centre  stake,  the  centre  mark  of 
tlie  gauge  bar  being  kept  over  the  centre  on  the  stake.  Upon 
curves  the  rails  must  be  sprung  to  the  proper  arc  before  they 
are  laid  (§199).  AU  the  ties  required  in  a  given  distance 
should  be  laid  before  the  rails  are  brought  upon  them.  The 
practice  of  laying  only  joint  and  middle  ties  at  first  subjects 
the  rails  to  the  danger  of  bending  from  passing  loads. 

Owing  to  the  expansion  of  the  rails  by  heat,  a  space 
must  be  left  at  the  rail- joints.  The  highest  temperature  of  a 
rail  in  the  summer  sun  is  about  130*"  Fah.  The  expansion  of 
iron  or  steel  per  100*  is  .0007  per  foot;  or  for  a  30-foot  rail 
.021  foot  or  .262  inch.  Therefore  when  dO-foot  rails  are  laid 
at  a  temperature  near  the  freezing  point,  or  100^  below  the 
maximum,  the  space  allowed  must  be  at  least  a  quarter  of  an 
inch.  At  80'  Fah.  or  50"  below  the  maximum,  it  need  be  only 
half  as  much.  The  space  required  is  also  proportional  to  the 
length  of  rail  used.  The  exact  space  should  be  given,  as  less 
would  result  in  the  rails  being  forced  up  by  expansion,  while 
more  than  necessary  space  gives  a  rough  road,  and  hastens 
the  destruction  of  the  rail. 

Wherever  sidingfs  are  required,  the  necessary  frogs  and 
long  switch- ties  should  be  provided  in  advance,  so  that  they 
may  be  put  in  place  at  the  time  of  laying  the  main  track.  For 
every  road  crossing  at  grade,  heavy  oak  plank  should  be  pro- 
vided, and  laid  upon  the  ties  as  soon  as  the  rails  are  spiked, 
so  that  the  highway  travel  may  not  be  impeded. 


r 


CALCULATION  OF  EARTHWORK.  235 


CHAPTER  X.    . 
Calcttlation  of  Earthwork. 

254.  The  first  step  toward  finding  the  cubical  content  of 
an  excavation  is  to  divide  it  into  a  number  of  prismoids  by 
several  cross  sections. 

A  piismoid  is  a  solid  having  plane  parallel  bases  or  ends, 
and  bounded  on  the  sides  either  by  planes,  or  by  such  surfaces 
as  may  be  generated  by  a  right  line  moving  continuously  along 
the  edges  of  the  bases  as  directrices. 

The  positions  of  the  cross  sections  must  be  so  selected 
that  the  solid  included  between  any  two  consecutive  sections 
may  be  a  prismoid  as  nearly  as  possible.  Upon  a  tangent  the 
road-bed  and  side- slopes  are  planes,  so  that  the  prismoidal 
character  of  a  given  solid  depends  upon  the  shape  of  the  natu- 
ral surface.  When  the  natural  surface  is  a  plane,  the  sections 
are  taken  only  at  the  regular  stations,  100  feet  apart;  when  it 
is  curved,  warped,  irregular,  or  broken,  the  sections  must  be 
more  numerous,  so  that  the  surface  limited  by  any  two  shall 
be  composed  substantially  of  right-lined  elements  extending 
from  one  section  to  the  other. 

If  two  end  sections  of  a  prismoid  are  somewhat  similar,  we 
infer  that  the  corresponding  points  are  connected  by  right- 
lined  elements,  forming  in  each  case  the  axis  of  a  ridge  or  of  a 
hollow.  If  one  section  has  less  breaks  than  the  next,  some  of 
these  ridges  or  hollows  must  vanish;  and  in  order  that  the 
solid  may  be  a  prismoid,  they  must  vanish  in  the  section  of 
least  breaks;  therefore  a  cross  section  must  be  taken  on  the 
ground  through  the  point  where  each  ridge  or  hollow  vanishes, 
and  the  distance  of  that  point  from  the  centre  line  noted,  so 
that  it  may  be  coupled  with  the  proper  point  in  the  next  section 
for  exact  calculation  of  content. 

When  ridges  or  hollows  run  diagonally  across  the  line  of 
road,  cross  sections  must  be  taken  where  they  are  intersected 
not  only  by  the  centre  line  but  also  by  the  side  slopes;  that  is, 
sections  jm^^  b^  tftken  so  that  a  side  stake  may  stand  on  top  of 
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Prt».  97. 

rules  apply  as  well,  but  sections  will  generally  be  more  namer. 
ous  than  in  thorough  cuts.  The  same  rules  apply  also  to  em- 
bankment, but  as  grading  is  preferably  paid  for  in  excavation, 
the  same  precision  in  determining  the  quantltlQB  in  ^mbaok- 
ment  is  not  usually  necessary. 


each  ridge  and  at  bottom  of  each  hollow.  In  case  the  centre 
line  intersects  at  right  angles  a  retaining  wail  or  other  yertic&l 
surface,  two  cross  sections  are  required  at  the  same  point,  one 
at  top  and  the  other  at  base  of  wall,  in  order  to  furnish  the 
data  necessary  to  calculate  the  content  each  way  from  the  ver- 
tical surface.     (See  Art.  235.) 

Every  thorough  cut  terminates  in  either  side-hill  catting,  a 
pyramid,  or  a  wedge;  the  latter  happens  only  when  the  con- 
tour of  the  natural  surface  is  at  right  angles  to  the  lii^e  of  road. 
Sections  should  always  be  taken  through  the  points  where  the 
edges  of  the  roadbed  meet  the  surface,  as  these  are  the  points 
of  separation  between  thorough  and  side  hill- work.  Such  sec- 
tions also  serve  to  define  terminal  pyramids  when  they  occor 
as  is  illustrated  by  Fig.  97.    In  side-hill  work  the  foregoing  j 
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255.  Formulae  for  Sectional  Areas* 

Let  b  =  base  of  section  or  width  of  road-bed, 

horizontal 
"  *  =  «1°P«  "**•"  =    vertical  ' 

'*  d=^  depth  at  centre  stake. 

"   h,  k  =  depths  at  side  stakes. 

"  «i,  n=  horizontal  distances  from  centre  to  side  stakes. 

For  ground  level  transversely,  the  section  is  a  parallelogram, 
and  the  area  is  evidently 

A  =  bd  +  sd^  (342) 

or  directly  from  the  field  notes, 

A=:^b  +  m  +  n)d  (343) 

For  ground  of  uniform  traThsverse  slope  between  slope  stakes. 


Fig.  96. 

Fig.  98,  the  section  consists  of  the  parallelogram  ABOE  and 
the  triangle  EOD,     Hence 

A  =  ^{AB+  EO)EN+  \E(KDS^E]S') 
A  =  \{AB.  EN+  EO .  DH) 


or 


^= «»+«.+«]       ^ 


l\ 


A  =  hi^k  +  h(p  +  2sk) 

From  which  also 

A  =  ^bh-^mk) 

and  *  ^  (345) 

A^^bk-^-nh  ) 

These  formulee  are  independent  of  the  centre  depth.     The,^ 
are  convenient  for  calculating  the  area  of  a  plotted  section 
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having  an  irregular  surface  after  the  surface  line  ha*  been 
averaged  by  stretching  a  ^ilk  thread  over  it.  The  points 
where  the  thread  intersects  the  slope  lines  determine  the 
values  of  h,  k,  m,  and  n  respectively. 

When  the  gnyand  has  uniform  slopes  transversely  from  the 
centre  to  the  side  stakes:  Fig.  99:  If  in  the  diagram  we  draw 

D 


BG  and  DGy  the  section  will  be  divided  into  four  triangles, 
two  having  the  common  base  CG  =  d  and  respective  heights 
GN=.  m  and  GH=  n,  and  two  having  the  equal  bases  AG  = 
GB  =  ^  and  the  respective  heights  EN  =  h  and  J)H  =  k. 
Hence  we  have  for  the  area  of  section 

A  =  Wrn  +  n)  +  lKh  +  k)  (34«) 

Otherwise,  if  the  slope  lines  are  produced  to  meet  below 
grade  at  P,  then   GP  =  — =  5-.     The  area  of  CEPJ)  is 

8  /iii 

^CP  X  NII=  i{(l  +  ^)  {rn  +  n).    Tlie  area  of  ABP  is  AG  X 

OP  =  —    Hence  we  have  for  the  area  of  the  section 
4^ 


^  ==  ^(^+  i)  ('^  +  ^>  -  -£  ^^^ 


Both  these  formulsB  are  convenient,  and  as  the  values  of  the 
sevet>a)  letters  can  be  substituted  directly  from  the  field  notes, 
it  is  unnecessary  to  plot  such  sections. 

When  the  suifaoe  of  the  groutid  is  irregular,  verticals  are  con- 
ceived to  be  drawn  to  the  grade  line  through  the  slope  stakes, 
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and  through  each  break  in  the  surface  line,  givmg  a  number  of 
i;nipeaM>ids,  the  areaa  of  which  are  severally  calculated,  aud 
from  their  sum  is  subtracted  the  area  of  the  two  triangles  ENA 
mdDHB,  The  remainder  is  the  area  of  section  required. 
This  calculation  may  be  made  directly  from  the  data  furnished 
by  the  field  notes  without  plotting;  but  if  the  ground  has  a 
number  of  small  breaks,  it  is  generally  better  to  plot  the  seC' 
tions  and  stretch  an  averaging  hue  over  them,  finding  the  areas 
by  eq.  (345).  Or  two  averaging  lines  may  be  employed  extend- 
ing from  the  centre  stake,  each  way,  when  the  area  may  be  cal* 
culated  by  eq.  (34G)  or  (347). 

256,  Prismoidal  Formulae  for  Solid  Contents, 

—The  content  of  a  prismoid  may  be  exactly  calculated  by 
means  of  the  Prismoidal  Formula,  which  is 

8  =z  cubic  yards,  I  =  length  in  feet.  A,  A'  =  the  areas  at  the 
two  parallel  ends,  and  M  =  the  area  of  a  section  midway  be- 
tween the  ends.  This  area  is  not  a  mean  of  the  other  two,  but 
the  linear  dimensions  of  the  mid-section  are  means  of  the  cor* 
responding  dimensions  severally  of  the  end  sections;  from 
which  therefore  the  area  of  the  tuid  section  may  be  computed. 
The  labor  of  calculating  the  middle  area  may  be  avoided  in 
many  instances  by  substituting  in  the  prismoidal  formula,  eq. 
(34^,  for  A,  A\  and  if,  their  values  as  given  in  eq.  (842)  for 
ground  level  transversely. 

A  =  bd+gd*    A  =  bd'  -f  8<f  •    M=  b^^ 1-  «     ^  — ^  — ' 

.",      B=^^^^[28d'+{dbi-29d')d  +  {db  +  2ifd')d']     (349) 
in  which  8  is  expressed  in  terms  of  the  end  dimensions. 

257.  Tables  of  cubic  yards  may  be  constructed  upon  this 
formnla  which  are  very  convenient  in  practice.  Tti^jbioaUait 
values  in  any  one  table  are  I  which  is  taken  at  100,  and  b  and  $ 
wiiich  are  given  values  corresponding  to  the  roadbed  and  Blope 
mtia.     The  variables  are  d  and  d'.    The  columns  m  the  table 
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will  be  headed  by  the  successive  values  of  dT,  while  each  hori- 
zontal line  will  be  headed  by  a  value  of  d.  For  any  one 
column  therefore  d'  is  constant,  and  the  only  variable  is  d. 
Assuming  any  value  for  d\  the  values  of  S  in  that  column  may 
be  computed,  letting  d  take  a  series  of  values  differing  by  unity 
from  zero  upwards,  and  the  corresponding  values  of  8  will  be 
placed  in  the  column  d'  opposite  the  several  values  of  d. 

But  instead  of  solving  the  eq.  (349)  for  each  value  of  iS  re- 
quired, the  process  of  filling  the  table  may  be  much  abbre- 
viated  by  observing  that  since  the  equation  is  of  the  second 
degree  with  respect  to  the  variable  d,  the  second  difference  of 
the  values  of  8  will  be  a  constant  and  equal  to  ttcice  the  co- 

-a  4^1 

efficient  of  <?,  or  5"  =  ;; zrz:    Also  the  first  term  in  the  series 

'  6  X  27 

of  first  differences  of  8  in  the  column  d'  {i.e.  between  d  =  0 

and  d  =  l)  ia  expressed  by  the  sum  of  the  coefficients  of  d* 

and  d;  or 

The  first  value  of  8  in  any  column  d '  is  found  by  solving    i 
eq.  (349)  after  making  c?  =  0;  or. 

Starting  with  these  values  we  may  fill  any  column  d '  simply 
by  successive  additions.  The  values  of  d'  for  the  several 
columns  should  also  differ  by  unity.  The  final  value  of  8  in 
each  column  should  be  calculated  by  formula  as  a  check ;  or 
since  all  the  final  quantities  in  the  same  line  d  of  the  table 
form  a  series  of  which  the  seconjd  difference  is  8\  if  on  taking 
their  differences  this  result  is  obtained,  the  quantities  are 
proved  to  be  correct. 

Example. — Given  a  base  of  18  feet  and  slopes  li  to  1,  to  fill 
the  column  of  e2 '  =  6  in  a  table  of  cubic  yards  for  level  cross 
sections.  Here  ?  =  100,  ^►=18,  #  =  f,  d'  =  6.  Hence  d' = 
3.7037+,  do'  =  46.2962+,  and  8o  =  266.6666+.  It  is  not 
necessary  to  go  beyond  the  fourth  decimal  place,  since  that 
figure  will  always  be  the  same  as  the  first  decimal  (a  result 
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due  to  dividing  by  27),  and  may  be  corrected  by  it  after  every 
addition.     The  process  is  as  follows: 

d  8                                    d'                                 d' 

0  266.6666  a^  oqao 

1  312.9629  ^'i^?^  8.7037 

2  362.9629  kqXaXX  3.7037 
8  416.6666  ^AmA  3.7037 
4  474.0740  ai  TVi  T  37037 
6  535.1851  Siftiii  37037 

6  600.0000  2ft' ^iS  3.7037 

7  668.5185  709000  3.7037 

8  740.7407  75  9259  ^'^^^'^ 

etc.  etc.  etc . 

In  copying  into  the  table,  the  quantities  are  taken  to  the 
nearest  unit  only,  and  the  decimals  are  otherwise  neglected. 

The  completed  table  furnishes  values  of  3  corresponding  to 
any  values  of  d  and  d '  in  even  feet.  The  correction  for  the 
decimal  parts  of  the  depths,  when  there  are  such,  is  made  by 
adding  to  8  (found  opposite  the  even  feet)  the  product  of  the 
half  sum  of  the  decimals  by  the  difference  between  8  as 
found  and  the  next  value  of  8  diagonally  below  to  the  right. 
These  diflEerences  may  for  convenience  be  inserted  originally 
in  the  table  under  each  quantity  in  small  figures. 

If  the  length  of  the  solid  differs  from  100  feet,  multiply  the 
corrected  quantity  by  the  length  and  divide  by  100,  since  8 
varies  directly  as  I,  Such  tables  are  published  in  separate 
sheets  for  a  variety  of  bases  and  slopes,  so  that  usually  one 
may  be  purchased  to  suit  the  case  in  hand. 

258*  These  tables  may  be  used  to  find  quantities  when 
the  ground  is  not  level  transversely,  by  finding,  first,  the  area 
of  the  actual  sections,  and  second,  the  depths  of  level  sec- 
tions having  equal  areas,  and  then  using  the  depths  so  found 
as  the  values  of  d  and  d'  in  the  table  of  quantities.  The 
depths  of  equivalent  level  sections  are  called  equiva- 
lent depths.    They  may  be  calculated  by  the  formula 


'=-i+/4  +  5 


(350) 


which  is  derived  directly  from  eq.  (342).  The  more  convenient 
method,  however,  is  to  construct  a  table  on  eq.  (342),  giving  to 
(f  a  series  of  values  varying  by  one  tenth  of  a  foot  from  zero 
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upward.    The  values  of  b  and  s  in  this  table  must  agree  with 
those  of  the  road  and  of  the  table  of  cubic  yards. 

259.  When  the  transverse  slope  is  uniform  between  slope 
stakes  the  equivalent  depth  may  be  expressed  in 
terms  of  the  centre  depth  and  slope  of  surfkce 

without  reference  to  the  area.    Fig,  100. 


Fig.  100. 

Let  EABD  be  the  given  section. 
*'  BABT  be  the  equivalent  level  section. 

Produce  the  side  slopes  to  meet  at  P,  and  let  c  =  OP  and 
Ci  =  GiP. 

Through  G  draw  the  horizontal  line  QL,  and  at  L  erect  the 
perpendicular  LM  =  2,  and  draw  LN  parallel  to  PK 

The  area  BPT  =  area  EPD;  and  QEG  =  L]!^C;  hence  area 
BPLN^  qPL  =  EPD  -  NLD, 

Since  NLD  is  similar  to  EPDy  we  have 

EPD  :  NLD  :i  c^ :  ^ 
or  EPD  -  NLD  :  EPD  ::(?»-  2«  :  c« 

Since  QPL  and  BPT&re  similar, 

QPL  :  PPT  ::  c^ :  Cx« 

(?« —  3*  :  c'  ::  c*  :  Ci*  or  Ci'  = 


I 


C«  -2* 


Let  s'  =  slope  ratio  of  surface  =  ~tft-  =  — .   Then  e'  =  — ;r 
vhich  substituted  gives 

Ci  =  -pr^  (851) 


r 
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If  di  =  the  equivalent  depth  CiG,  then 

di  =:  d -{-  (Ci  —  c) 

A  table  may  be  prepared  giving  (Cj  —  e)  for  various  inclinar 
tioDs  ot*  surface  with  given  base  and  side  slopes.  It  is  then 
only  necessary  to  add  this  correction  to  the  centre  depth  to 
obtain  the  equivalent  depth.  Such  tables  of  correction  usually 
accompany  the  published  tables  of  cubic  yardsy  This  method 
of  obtaining  quantities  is  particularly  applicable\o  preliminary 
estimates,  where  the  ground  has  not  been  cross-sectioned,  and 
only  the  centre  depth  and  transverse  inclination  is  known. 

260»  The  use  of  the  earthwork  tables  described  gives 
correct  results  ;— 

Ist.  When  the  surface  of  the  prismoid  is  a  plane,  however 
much  inclined;  provided  it  does  not  intersect  the  road-bed 
within  the  limits  of  the  prismoid. 

2d.  When  with  regular,  or  three-level  end  sections,  generally 
similar  to  each  other,  the  surface  is  regularly  warped  from  one 
end  to  the  other;  provided  that  the  side  lines  and  centre  line 
of  the  surface  are  straight,  and  that  no  two  of  them  are  in- 
clined to  grade  in  opposite  directions. 

3d.  When  the  ridges  or  hollows  of  an  undulating  surface 
are  parallel  to  the  line  of  the  road. 

4th.  When  a  surface  of  numerous  irregularities  may  be 
averaged  by  planes  or  warped  surfaces  so  as  to  comply  with 
one  of  the  preceding  conditions. 

But  the  method  fails  on  undulating  ground  when  the 
ridges  or  hollows  run  obliquely  to  the  line  of  road,  even 
though  the  sections  may  appear  quite  regular. 

In  general,  the  method  of  equivalent  depths  holds  good 
when  the  mid-section  of  the  equivalent  level  end  sections 
equals  in  area  the  actual  mid-section  ol  the  prismoid;  other- 
wise it  fails. 

261.  The  content  of  a  prismoid  may  be  approximately  ob- 
tained by  the  method  of  meau  areas^  the  formula  for 
which  is 

^=33^^  +  ^'  (^^) 

Although  approximate,  this  method  is  much  employed  on 


1 
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account  of  its  convenience.  It  is  approved  by  statute  to  be 
used  upon  the  public  works  of  the  State  of  New  York. 

If  the  values  of  A  and  A  derived  from  eq.  (342)  be  substi- 
tuted in  eq.  (852),  and  then  eq.  (349)  be  subtracted  from  it  there 
remains 

6  X  27  ^  ' 

which  is  the  correction  by  which  8  obtained  by  eq.  (352)  must 
be  diminished  to  make  it  equal  to  8  obtained  by  eq.  (349) 
when  the  ground  is  level  transversely. 

Again,  for  three-level  sections,  if  the  values  of  Ay  A!,  and  M 
derived  from  eq.  (347)  be  substituted  in  both  eq.  (348)  and 
(352),  and  one  subtracted  from  the  other,  there  remains 

j2^^[(^-d')(«»  +  ^-(«»'  +  «'))] 

which  is  the  correction  by  which  8  obtained  by  eq.  (352)  must 
be  diminished  to  make  it  equal  to  8  obtained  by  eq.  (349). 
Hence  we  may  write  at  once,  for  three  level-sections,  the  cor- 
rect formula: 


^=  ra7[^  +  ^'"  ^—^  [^+  ""  ~  (^'+'*')]] 


(858) 


This  formula  gives  results  identical  with  eq.  (349),  is  applica- 
ble to  the  same  cases,  and  gives  correct  results  or  fails  to  do 
so  according  to  the  conditions  stated  in  the  previous  section. 

262,  When  the  conditions  of  the  surface  are  such  that  eq. 
(349)  or  eq.  (353)  will  not  give  correct  results,  the  area  of 
the  mid-section  may  be  derived  from  its  calculated  linear 
dimensions  as  stated  in  §  256.     The  contents  of  the  prismoid 
are  then  given  by  eq.  (348). 

Example  1.  (Fig.  101.)— Base  20.    Slopes  li  :  1. 

0  .    47.5  .,      ..„ 

.-.  -4=:443sq.  ft 

.-.  J.  =  200  8q.  ft 

•mw  I    28    ,    11     ,      0     ,     8     ,     81.75        -«    t^.M  •»>.      ». 


CALCULATIOK   OF  EARTHWORK. 


235 


If  I  =  100,  eq.  (348) 


8  = 


100 


(443  -r  967  +  300)  =  1001  c.  yds. 


6X27 
Had  this  been  calculated  by  eq.  (349)  or  eq.  (353)  or  by  the 


FiQ.  101. 


tables,  the  result  would  be  1167  c.  yds.,  showing  an  error  of 
166  cubic  yards  in  excess. 


Example  2.  (Fig.  102.)— Base  20.    Slopes  li  :  1. 


.  17.5    ,    11    ,     0  8         17.5 


234sq.  ft 

88sq.  fi. 

164.5  sq.  ft. 


If  I  =  100,  eq.  (348) 

100 
S  =  g^^  [88  +  658  +  234]  ^  605  c.  yds. 

Had  this  been  calculated  by  eq.  (349)  or  eq.  (353)  or  by  the 
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tables,  the  result  would  be  584  c.  yds.,  showing  an  error  of 
81  cubic  yards  in  deficit. 


263.  At  the  termination  of  a  cut  or  fill  we  have  usually 
either  a  wedg^  or  a  pyramid.  To  a  wedge  the  pre- 
ceding formulae  and  tables  based  on  them  apply  by  making 


Fig.  102. 

one  end  depth  equal  zero.  In  the  case  of  a  pjrramid,  the 
content  is  equal  to  the  area  of  the  section  forming  the  base 
multiplied  by  one  third  the  length  of  the  solid,  and  divided  by 
27;  or 

lA 

264.  Side-hill  Work.— When  the  natural  surface  has 
a  regular  transverse  slope  and  intersects  the  road-bed,  the 
cross  section  is  reduced  to  a  triangle.  liw  =  the  intercepted 
portion  of  the  road-bed,  and  k  =  the  side  height,  then  A  = 
^wk.  Similarly  A'  =  \io'1d  and  4af  =  i(ii7  +  w')  (*  -f  ^•), 
which  substituted  in  eq.  (348)  give 


8  = 


I 


12  X  27 


[(2ic  -\-w')k  +  {2w'  +  w)  A;']         (355) 


which  is  convenient  for  direct  calculation  from  the  field  notes. 
It  is  not  adapted  to  the  construction  of  tables,  since  it  contains 
four  independent  variables. 


r 
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I  If  the  slope  of  the  natural  surface  is  given,  let  ^  be  the  sur- 

I  face  slope  ratio  at  one  section,  and  «"  that  at  the  other,  and  « 

I  the  ratio  of  the  side  slope.      Then  w  =z  k{9'  —  s)  and  w'  = 

\  k{8'  —  «),  which  substituted  in  eq.  (355)  give 

If  the  surface  is  a  planSy  then  s'  =  «',  and  we  have  for  this 
case 

^  =  TW  ^*'  +  **'  +  *"]  (^) 

which  is  a  formula  of  quite  limited  application ;  yet  it  is  the 
one  on  which  tables  and  diagrams  are  usually  constructed. 
Consequently  the  latter  will  not  give  correct  results,  except 
when  the  surface  is  a  plane. 


265.  When  the  natural  surface  is  broken  the 

sections  may  be  plotted,  and  the  values  of  w  and  k  taken  from 
the  points  where  an  averaging:  line  intersects  the  grade 
and  side  slope  respectively.  Finding  values  for  w'  and  k'  in 
the  same  way,  the  content  may  then  be  obtained  by  eq.  (355) 
as  before.  The  averaging  line  should  not  only  cut  off  the 
same  area  as  the  original  section,  but  should  also  have  in  each 
case  a  slope  agreeing  as  nearly  as  possible  with  the  general 
slope  of  the  natural  surface.  The  slope  is  determined  simply 
by  inspection  of  the  diagram,  but  the  area  may  be  bad  pre- 
cisely, for,  taking  w  from  the  averaging  line,  and  knowing  A, 

2A 
we  may  calculate  k  by  the  formula  k  =  -^^;   or  k  may  be 

taken  from  the  plot  and  w  calculated. 

Otlierwisey  the  actual  mid-section  may  be  calculated  and 
the  cubic  contents  determined  by  the  method  illustrated  in 
§263. 

266.  To  express  side-hill  areas  and  cubic  yards 
in  terms  of  the  centre  depth,  d,  and  transverse 
slope-ratio  s'.    Fig.  103. 

When  (!  =  0,  ^=  J5A;  =      *' 


8(«'— «) 
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] 


For  any  depth  d,  add  to  this  area 


and  there  results, 


^  "     2(8   -  8) 


8  = 


l(^b  +  8'df 

2  X  27(«'  -«)  J 


(857) 


Observe  that  d  may  be  i>^i^«  or  minus^  and  that  its  limits  are 


d=  ± 


2«' 


Tables  of  cubic  yards  may  be  constructed  on  this  formula, 
making  d  and  «'  the  variables,  which  would  be  extremely  con- 


Fio.  108. 

venient  for  making  up  estimates  upon  preliminary  lines  on 
which  the  profile  of  centre  line  and  angle  of  transverse  slope 
only  are  known.  Since  «'  is  the  cotangent  of  the  slope  angle 
the  columns  of  the  table  may  be  headed  by  the  angles  in  a 
series  of  degrees,  while  the  corresponding  values  of  $'  are 
used  in  the  formula.  The  values  of  d  should  vary  by  tenths 
of  a  foot.  The  results  obtained  by  eq.  (356)  and  eq.  (857)  will 
be  identical  for  the  same  sections. 


267.  Several  different  systems  of  dia^grams  have  been 
devised  and  published  for  determining  quantities  in  earthwork 
by  a  sort  of  graphical  method.  These  diagrams,  which  are 
substitutes  for  tables  are  preferred  by  some  engineers.    They 


CALCULATION?^  OF  EARTHWORK.  239 

are  based  oa  the  same  principles,  and  are  constructed  on  modi- 
fications of  the  same  formulae. 


268.  Correction  of  Earthwork  for  Cunrature* 

—The  preceding  calculations  are  based  on  the  assumption  that 
the  centre  line  is  straight,  with  cross  sections  at  right  angles  to 
it.  When  an  excavation  is  on  a  curve,  the  cross  sections,  be- 
ing in  radial  planes,  are  inclined  to  each  other,  so  that  the  con- 
dition of  a  prismoid  is  not  exactly  fulfilled.  But  by  the  proper- 
ty of  Guldinus,  if  any  plane  area  is  made  to  revolve  about  an 
axis  in  the  same  plane,  the  volume  of  a  solid  generated  by  the 
area  is  equal  to  that  of  a  prism  having  a  base  equal  to  the  given 
area,  and  a  height  equal  to  the  length  of  path  described  by  the 
centre  of  gravity  of  the  area.  The  path,  being  the  arc  of  a  cir- 
cle, is  proportional  to  the  radius  drawn  to  the  centre  of  gravi- 
ty. If  therefore  a  cross  section  is  symmetrical  with  respect  to 
the  centre  line,  the  path  of  the  centre  of  gravity  is  equal  to  the 
measured  length  of  the  centre  line,  and  no  correction  for  cur- 
vature is  required. 

But  when  the  ground  is  inclined  transversely,  the  centre  of 
gravity  is  one  side  of  the  centre  line,  and  its  path,  if  we  con- 
ceive it  to  sweep  around  the  curve,  from  one  end  of  a  prismoid 
to  the  other,  is  longer  or  shorter  than  the  distance  measured  on 
the  centre  line,  according  as  the  centre  of  gravity  is  outside  or 
inside  of  the  centre  line  curve. 

Let  C  =  correction  in  cubic  yards  due  to  curvature. 
"    8  =.  cubic  yards  as  obtained  by  prism  oidal  formula. 
"  -B  =  radius  of  centre  line. 
'*    tf  =  eccentricity  of  centre  of  gravity  of  section. 

=  horizontal  distance  from  centre  line  to  centre  of 
gravity. 

We  then  have  the  proportion. 

As  the  sections  of  a  solid  are  seldom  similar  and  equal,  we 
shall  usually  have  a  different  value  of  e  for  every  section,  from 
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which,  however,  a  mean  Average  value  may  be  deduced,  and 
used  in  the  above  formula.  But  it  will  be  more  convenient  to 
correct  the  areas  themselves  for  eccentricity  before  finding  8, 
which  will  then  require  no  correction.     For  the  same  result 

will  ensue  whether  we  multiply  8  by  -^,  or  multiply  one  of 

the  component  factors  of  8  by  the  same  ratio. 

If  then  6  =  correction  of  area  in  square  feet  due  to  eccentri- 
city, we  have  at  once 

Ae 


6  = 


B 


and  the  corrected  area  equals  A  ±  e  according  as  the  cut  is 
deeper  on  the  outside  or  inside  of  the  curve.  Bach  area  used 
in  determining  the  solid  contents  should,  on  a  curve,  be  firsl 
corrected  in  this  manner. 

To  find  the  wihie  of  e  for  any  three-lsvel  section.    Fig.  104. 


Fio.  104. 


Find  the  areas  either  side  of  the  centre  line  separately,  call- 
ing them  ^and  K,  and  take  their  sum  and  difference.  Using 
the  same  notation  as  in  §  255,  ff  =  ^md  +  ibh,  K  ^  ^nd  + 
\bk,  and  11 -^  K  =  A. 

K  -H  =\d{n-m)  +  ^{k-h) 

In  the  figure  draw  GE'  equal  to  CE^  and  the  triangle  CE'B 
will  represent  the  area  (,K  —  II).  Bisect  tlic  side  ED,  and 
draw  a  line  from  C  to  the  middle  point.    Then  the  centre  of 
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gravity  of  the  triangle  will  be  on  this  line  at  two  thirds  its 
length  from  C7,  and  the  horizontal  distance  of  the  centre  of 
gravity  from  (7  is  f  X  i{m  -f-  n)  =  i(w  +  n).  The  centre  of 
gravity  of  the  remainder  of  the  section  is  on  the  centre  line 
CG,  80  that  the  value  of^  is  found  from  the  proportion 

e  :  ^{n  -\-m)  ::  K  ^  Hi  A 


e 


Hence 


c=^^  =  ^^^[id(n-m)  +  ifi(k-h)]     (358) 


Sections  which  are  more  irregular  may  be  plotted  and 
reduced  by  averaging  lines  to  three-level  sections,  in  order  that 
the  formula  may  be  applied.  If  the  ground  is  so  irregular  as 
to  require  the  computation  of  the  middle  section,  the  correc- 
tion c  should  be  found  and  applied  to  this  area  (Jf )  also 
before  introducing  it  into  the  prismoidal  formula.  As  the 
correction  for  curvature  is  always  relatively  small,  it  is  usually 
ignored  in  practice  for  thorough  cuts,  except  where  deep  cut- 
tings with  steep  transverse  slope  occur  on  sharp  curves. 

The  correction  is  of  more  importance  relatively  In 
side-hill  "work  as  the  centre  of  gravity  of  the  section  is 
more  remote  from  the  centre  line.  Let  the  section  be  reduced 


Fig.  105. 

to  a  triangle  by  an  averaging  line  (Fig.  105),  and  w  be  the  base 
of  the  triangle  formed  by  the  averaging  line.  The  centre  of 
jFravity  is  at  one  third  the  horizontal  distance  from  the  middle 
pomt  of  w  to  the  side  stake  D,  while  the  distance  of  this 
middle  i)oint  from  the  centre  stake  0  is  evidently  ib  —  ^. 
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Hence  6  =  i*  —  i«)  +  i[n  ~  (^  —  iw)] 

or  e  =  i{b  -{- n  —  w) 

and  o  =  _  =  _r__>^_  (859) 

The  correction  c  will  be  pliis  or  minus  as  before  explained. 
This  formula  applies  to  all  side-hill  triangular  sections, 
whether  there  be  cut  or  fill  at  the  centre  stake 

Example  1. — Thorough  cut;  base  30;  slopes  1^  :  1. 

1=100;  8**  curve,  left;  E  =  716.78 

•^    3  ^    0  ^  30 
Then  JSr=iX58Xl3  +  iX30x83  =  508 

jy=i  X  16  X  13  +  iX  30  X   4  =  116.-.  ^  =  624 

K"  E=:  393 

(A  +  e)      687.49 
Jr'  =  ix40x8  +  ix30x30  =  360 
-H"  =  i  X  13  X  8  +  i  X  30  X    3  =    63  .  .  J.'  =  322 

K^H=  198 


(^'  +  c')  =  326.87 


From  which  we  obtain  8  =  1758  cub.  yds. — Am. 
Without  correction  we  have  1726    *'      *' 


Showing  a  difiference  of  33 


<<      it 


Had  the  curve  been  to  the  rigJU  with  same  notes,  c  would 
have  been  minus,  and  8  would  =  1694 
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Example  2. — Side-hill  cut;  base  20;  slopes  1\  :  1 
i  =  60;  10°  curve,  right;  R  =  573.69 

Tir*  6     ,     0     ,    40 

^^^'  -0-+2:8  +  -20 

0.8"'"0.0"*"  18 
^  =  i  X  16  X20  =  160 

20  4-40  —  1fi 
^•<^«>      ^=    3X573.69     ^^^=  Jf 

(^  -  c)  =  156.42 
^'  =  i  X  8  X  18  =  72 

,      20  +  37-8  „^ 
^  =-"  3  ?573.69    ^^  =  _^ 

(J'  -  (?)  =    69.95 
Hence  /S'  =  248  cub.  yd& 

Without  correction  iS  would  =  266    "      " 


Difference         7    "      " 

269*  Haul* — The  cost  of  removing  excavated  material, 
when  the  distance  does  not  exceed  a  certain  specified  limit,  is 
included  in  the  price  per  cubic  yard  of  the  material  as  meas- 
ured in  the  cutting.  But  when  the  material  must  bo  carried 
beyond  this  limit,  the  extra  distance  is  paid  for  at  a  stipulated 
price  per  cubic  yard,  per  100  feet.  The  extra  distance  is  known 
by  the  name  of  haul^  and  is  to  be  computed  by  the  engineer 
with  respect  to  so  much  of  the  material  as  is  affected  by  it. 

The  contractor  is  entitled  to  the  benefit  of  all  short  hauls 
(less  than  the  specified  limit),  and  material  so  moved  should  not 
be  averaged  against  that  which  is  carried  beyond  the  limit. 
Therefore,  in  all  cuts,  the  material  of  which  is  all  deposited 
within  the  limiting  distance,  no  calculation  of  haul  is  to  be 
made. 

On  the  other  hand,  the  company  is  entitled,  in  cases  of  long 
haul,  to  free  transportation  for  that  portion  of  the  cutting,  no 
one  yard  of  which  is  carried  beyond  the  specified  limit.  There- 
fore, this  portion  is  first  to  be  determined  in  respect  to  its  ex- 
tent; and  the  number  of  cubic  yards  contained  in  it  is  to  be  de- 
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ducted  from  the  total  content  of  the  cutting,  before  estimating 
the  haul  upon  the  remainder.  Find  on  the  profile  of  the  line 
two  points,  one  in  excavation,  and  the  other  in  embankment, 
such,  that  while  the  distance  between  them  equals  the  specified 
limit,  the  included  quantities  of  excavation  and  embankment 
shall  just  balance.  These  points  are  easily  found  by  trial,  with 
the  aid  of  the  cross  sections  and  calculated  quantities,  and  be- 
come the  starting  points  from  which  the  haul  of  the  remainder 
of  the  material  is  to  be  estimated. 


Fio.  106. 

Fig.  106  represents  a  cut  and  fill  in  profile.  The  distance 
AB  is  the  limit  of  free  haul.  The  materials  taken  from  AO 
just  make  the  fill  OB  and  without  charge  for  haul;  but  the  haul 
of  every  cubic  yard  taken  from  AG,  and  carried  to  the  fill  BD, 
is  subject  to  charge  for  the  distance  it  is  carried,  less  AB.  It 
would  be  impossible  to  find  the  distance  that  each  separate  yard 
is  carried,  but  we  know  from  mechanics  that  the  average  dis- 
tance for  the  entire  number  of  yards  is  the  distance  between 
the  centres  of  gravity  of  the  cut  AG,  and  of  the  fill  BD  which 
is  made  from  it.  If,  therefore,  X  and  T  represent  the  centres 
of  gravity,  the  actual  average  haul  is  the  sum  of  the  disUuices 
{AX-\-BY),  and  this  (expressed  in  stations)  multiplied  by  the 
number  of  cubic  3^ards  in  the  cut  AG,  gives  the  product  to 
which  the  price  for  haul  applies. 

But  the  product  of  AX  by  the  number  of  cubic  yards  in  AG 
is  equal  to  the  sum  of  the  products  obtained  by  multiplying  the 
contents  of  each  prismoid  in  AG  by  the  distance  of  its  own 
centre  of  gravity  from  A.  The  distance  of  the  centre  of  gravity 
of  a  prismoid  from  its  mid-section  is  expressed  by  the  formula 

''-    12X27  >S  ^^^ 

If  we  replace  8  by  its  approximate  value,  •    oJk?; — *  which 

^X«i 

will  produce  no  important  error  in  this  case,  we  have 

*  ■^     *"*    ^  trt.»J\. 
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In  which  A  should  always  represent  the  more  remote  end  area 
from  the  starting  point  A,  fig.  100.  Hence,  x  may  be  -f-  or  — , 
and  it  must  be  applied,  with  its  proper  sign,  to  the  distance  of 
the  mid-section  from  the  starting  point  A,  before  multiplying 
by  the  contents  8.    Each  partial  product  is  thus  obtained. 

By  a  similar  process  with  respect  to  the  prismoids  composing 
the  mass  BD^  and  using  the  point  B  as  the  starting  point,  we 
obtain  finally  a  sum  of  the  products  representing  this  portion 
of  the  haul. 

If  a  cut  is  divided,  and  parts  are  carried  in  opposite  direc- 
tions, the  calculation  of  each  part  terminates  at  the  dividing 
line.  If  a  portion  of  the  material  in  ACis  wasted,  it  must  be 
deducted,  and  the  haul  calculated  only  on  the  remainder. 

The  specified  limit  is  sometimes  made  as  low  as  100  feet, 
sometimes  as  high  as  1000  feet.  A  limit  of  about  800  feet,  how- 
ever is  usually  most  convenient,  as  it  includes  the  wheelbarrow 
work,  and  a  large  part  of  the  carting,  while  it  protects  the  oon- 
tractor  on  such  long  hauls  as  may  occur. 


270.  The  Final  Bstimate  is  a  complete  statement  in 
detail,  of  the  amount  of  work  done  and  materials  provided,  in 
the  construction  of  the  road,  and  is  the  basis  of  final  settlement 
between  the  company  and  contractor.  Its  preparation  should 
be  begun  as  soon  as  possible  after  the  work  is  in  progress,  and 
should  be  continued,  as  fast  as  the  necessary  data  are  accumu- 
lated, while  the  circumstances  are  still  fresh  in  mind,  and  when 
any  omissions  in  the  field  notes  may  be  readily  supplied.  The 
content  of  each  prismoid,  the  classification  of  its  material,  and 
the  length  of  haul  to  which  it  is  subject,  should  be  matters  of 
special  record  in  a  book  provided  for  that  purpose.  These  re- 
sults having  been  carefully  computed  by  exact  methods  form 
a  standard  of  comparison  for  those  approximate  results  which 
must  be  had  from  time  to  time  during  the  progress  of  the  work, 
and  furnish  a  limit  to  the  amounts  of  the  monthly  estimates. 
The  same  remark  applies  to  all  other  items  of  labor  and  mate- 
rial. The  notes  and  record  of  the  final  estimate  should  be  par- 
ticularly full  and  exact  in  respect  to  all  such  items  as  will  be 
inaccessible  to  measurement  at  the  completion  of  the  work, 
such  as  foundation  pits,  foundation  courses  of  masonry,  cul- 
verts, and  works  under  water. 
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271.  Monthly  lEstimates.— On  or  before  the  last  day 
of  every  month  during  the  progress  of  construction,  measure- 
ments are  taken  to  determine  the  total  amount  of  work  done 
and  material  provided  up  to  that  date.  The  estimates  based 
on  these  measurements  are  called  Monthly  Estimates.  It  is  fre- 
quently necessary  to  take  measurements  for  both  monthly  and 
final  estimates  at  other  times  than  the  end  of  the  month,  as  in 
the  case  of  foundations  which  are  not  long  accessible.  With 
respect  to  each  piece  of  work  satisfactorily  completed,  the 
monthly  estimate  should  be  exact,  and  identical  in  amount 
with  the  final  estimate.  With  respect,  however,  to  items  of 
work  in  progress  at  the  time  of  measurement,  the  monthly 
estimate  is  only  approximate,  yet  should  be  as  precise  as  the 
nature  of  the  case  will  allow;  and  the  quantities  stated  should 
not  be  in  excess  of  fair  proportion  of  the  total  quantities  given 
on  the  final  estimate  for  the  same  piece  of  work. 

A  special  field  book  is  devoted  to  monthly  estimate 
notes.  Each  page  should  be  dated  with  the  day  on  which  the 
notes  upon  it  were  taken.  The  notes  consist  of  measurements 
of  all  sorts,  principally  of  cross  sections  partially  excavated. 
These  sections  should  be  at  the  same  points  on  the  line  as  tlie 
original  sections,  so  that  comparisons  may  be  made.  Where- 
ever  the  excavation  is  finished  to  grade,  it  is  only  necessary  to 
write  *' completed"  opposite  such  stations,  and  the  quantities 
may  be  taken  from  the  final  estimate  or  computed  from  the 
original  notes.  It  is  frequently  necessary  to  retrace  portions 
of  the  centre  line  in  taking  estimate  notes,  so  that  all  the  field 
instruments  are  required,  but  a  party  of  three  or  four  men  is 
usually  sufficient. 

If  the  contractor  has  provided  materials,  such  as  stone,  lum- 
ber, etc.,  which  are  not  as  yet  put  into  any  structure  when  the 
estimate  is  taken,  these  should  be  measured  and  entered  under 
the  head  of  temporary  allowance,  an  arbitrary  price  be- 
ing used  somewhat  below  the  actual  value  of  the  material  as 
delivered.  Such  allowances  should  never  be  copied  from  one 
month's  estimate  to  the  next,  but  made  anew  on  such  material 
as  may  be  found  that  seems  to  require  it.  But  all  completed 
items  of  contract  work,  and  of  extra  work  when  ordered  by 
the  engineer,  are  necessarily  copied  from  one  monthly  esti- 
mate to  the  next  during  the  continuance  of  the  contract. 

A  blank  form  is  used  by  the  resident  engineer  in  report 


r 
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ing  monthly  estimates,  on  which  a  column  is  provided  for  each 
class  of  material  and  work  required  by  the  contract,  while  the 
several  lines,  headed  by  the  numbers  of  the  proper  stations,  are 
devoted  to  the  different  cuttings,  structures,  etc.,  in  consecu- 
tive order  as  they  occur  on  the  line  of  road.  The  estimates  are 
made  out  and  reported  separately  for  the  several  sections  into 
which  the  line  of  road  is  divided  for  letting. 

These  reports  are  reviewed  by  the  division  engineer,  and 
the  footings  copied  upon  another  blank,  which  is  the  monthly 
estimate  proper;  the  prices  are  attached  to  the  items,  and  the 
amounts  extended  and  summed  up.  This  sum  indicates  ap- 
proximately the  total  amount  earned  by  the  contractor  up  to 
date,  from  which  is  deducted  a  certain  percentage  (usually  15 
per  cent.),  which  is  retained  by  the  company  until  the  comple- 
tion of  the  contract.  From  the  remainder  is  deducted  the 
amount  of  previous  payments,  which  leaves  the  amount  due 
the  contractor  on  the  present  estimate.  A  blank  form  of  re- 
ceipt is  appended,  to  be  signed  by  the  contractor. 


CHAPTER  XI. 

Topographical  SKBTCHma. 

272.  Topographical  sketches  taken  on  preliminary  surveys 
are  usually  of  great  value  in  projecting  a  line  for  location; 
they  should  be  made  therefore  as  accurate  and  complete  as 
possible.  In  too  many  instances  sketches  are  presented  having 
a  picturesque  appearance,  but  conveying  little  information,  if 
not  tending  to  mislead  the  map-maker.  The  aim  of  the  topog- 
rapher should  be  to  record  the  topographical  features  either 
side  of  the  line  with  as  much  precision  as  those  directly  upon 
the  line,  without  taking  actual  measurements,  except  in  rare 
instances.  The  eye  and  the  judgment  must  be  usually  depended 
on  for  distances  and  dimensions.  The  sketch  of  a  tract  ex- 
tending to  400  feet  each  side  of  the  line  ought  to  be  accurate 
enough  to  warrant  its  being  copied  literally  upon  the  map.  If 
a  much  wider  range  is  required  it  may  be  advisable  to  use  the 
plane-table;  but  an  approximation  to  plane-table  methods  may 
be  employed  in  ordinary  sketching. 
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273.  As  artificial  features  are  the  most  readily  de- 
fined and  located  these  should  first  receive  attention  in  making 
a  sketch.  When  recorded  they  form  a  skeleton  upon  which 
the  natural  features  can  he  drawn  with  more  precision  than  if 
the  order  were  reversed.  The  point  where  each  fence  crossei 
the  line  and  the  angle  between  the  two  may  be  sketched  exact- 
ly. The  distance  along  the  fence  to  any  object  may  be  esti- 
mated,  and  checked  (in  case  of  an  oblique  angle)  by  observing 
where  a  line  from  the  object  perpendicular  to  the  centre  line 
would  intersect  the  latter.  The  book  may  be  rested  on  any 
support,  the  centre-line  of  the  page  coinciding  with  the  line  of 
survey,  and  the  direction  of  objects  defined  by  a  small  ruler 
laid  on  the  page.  This  operation  being  repeated  from  anotlier 
point  gives  intersections  which  locate  the  several  objects  on 
the  sketch.  If  the  bearings  are  taken  they  may  be  plotted  on 
the  page  as  well  as  recorded,  giving  the  same  resiilts.  The 
eye  may  be  trained  to  estimate  distances  correctly  by  observ- 
ing the  appearance  of  objects  along  the  measured  line,  the  dis- 
tances to  which  are  therefore  known. 

274.  After  the  artificial  objects  the  more  distinct  natural 
features  are  to  be  sketched,  as  streams,  shores,  margins  of 
swamps,  forests,  etc.,  ravines,  ridges,  and  bluffs,  taking  care 
that  all  these  outUnes  intersect  the  features  of  the  sketch 
already  delineated  at  the  proper  points.  The  correct  repre- 
sentation of  contours  is  the  most  diflScult  part  of  sketching, 
since  these  lines  are  quite  imaginary,  yet  for  railroad  maps 
they  are  usually  as  important  as  any  others.  It  is  desirable  to 
know  not  only  the  locality  of  a  hill  or  slope,  but  also  its  shape, 
steepness,  and  height.  This  information  is  best  given  by  con- 
tour lines.  A  contour  is  the  intersection  of  the  surface  of  the 
ground  by  an  imaginary  level  surface.  When  the  surface  is 
real,  like  that  of  a  lake,  the  intersection  is  called  a  shore.  If 
the  water  should  rise  a  certain  height  a  new  shore  would  be 
defined,  and  rising  double  that  height  still  another  shore 
would  result,  each  of  which,  on  the  subsidence  of  the  water, 
would  be  a  contour.  A  practiced  eye  is  able  to  follow  on  the 
ground  the  course  of  a  contour  with  all  its  windings;  but  m 
sketching  them  due  allowance  must  be  made  for  the  fore- 
shortening effect  of  distance.  All  contours  on  the  same  sketch 
should  have  the  same  vertical  interval,  so  that  by  counting' 
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Aiem  the  height  of  the  liill  may  be  known.  The  spaces  on  the 
sketch  between  contours  vary  as  the  cotangent  of  the  slope 
angle,  so  that  the  width  of  the  spaces  indicates  the  degree  of 
steepness.  The  contours  nearest  the  topographer  should  gene- 
rally be  sketched  first,  although  if  there  be  a  shore  that  is  apt  to 
be  the  best  guide  to  the  shape  of  the  slopes.  If  the  height  of  the 
hill  is  known  and  the  upper  contour  located,  the  other  contours 
can  be  spaced  between  with  less  difficulty,  the  proper  number 
being  ascertained  by  dividing  the  height  by  the  assumed  verti- 
cal interval.  A  special  line  of  levels  up  an  inclined  ravine  or 
sloping  ridge  to  fix  the  contour  points  is  often  of  the  greatest 
service  in  obtaining  correct  results.  Other  random  lines  are 
sometimes  run  to  locate  the  contours  more  definitely.  These 
should  be  made  to  cross  several  contours  rather  than  to  trace  a 
single  one.  Old  preliminary  lines  which  have  proved  useless 
in  themselves  often  furnish  by  their  profiles  valuable  informa- 
tion in  respect  to  contours. 

The  use  of  hatchings  should  be  avoided  in  the  sketch-book, 
except  to  represetit  precipitous  banks,  or  slight  terraces,  which 
would  not  be  sufficiently  defined  by  the  contour  system. 
Hatchings  freely  used  consume  too  much  time,  and  fail  to  give 
an  accurate  idea  of  either  slope  or  height,  while  they  obscure 
the  page  for  the  representation  of  other  objects. 

275.  The  centre  line  on  the  page  is  straight,  and  for 
sketching  purposes  the  surveyed  line  on  the  groimd  is  assumed 
to  be  so  also.  Slight  deflections  in  the  course  of  a  preliminary 
line  may  be  ignored  in  the  sketch;  but  if  a  large  angle  occurs 
it  is  better  to  terminate  the  sketch  with  the  course,  and  begin 
again,  leaving  a  few  blank  lines  between  the  two  sketches. 
On  a  located  lino  with  curves,  the  sketch  is  continuous.  The 
curved  line  in  the  field  is  represented  by  the  straight  line  on 
the  page,  and  the  radial  lines  through  the  stations  are  repre- 
sented by  the  parallel  lines  ruled  across  the  page.  All  objects 
are  sketched  at  the  proper  offset  distance  by  scale  from  the 
centre  line;  but  longitudinally  the  sketch  is  necessarily  dimin- 
ished outside  of  the  curve,  and  magnified  inside  of  the  curve. 
Consequently  topographical  lines  which  are  straight  in  fact  ap- 
pear curved  in  the  sketch,  concave  to  the  centre  line  if  inside 
the  curve,  and  convex  if  outside  of  it.  Such  features  are  cor 
rectly  iketched  by  means  of  offsets  estimated  or  measu^ 
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from  each  station  of  the  curve  on  the  radial  lines.  This  kind 
of  distortion  creates  no  confusion  if  properly  done,  for  m  mak- 
ing the  map,  after  drawing  the  curve  and  the  radial  lines,  the 
same  offsets  will  give  the  correct  positions  of  the  objects  delin- 
eated. This  method  is  preferable  to  drawing  a  curved  line  on 
the  page  to  represent  the  centre  line,  as  it  is  difficult  to  draw 
it  correctly;  it  will  cross  the  ruled  lines  obliquely,  rendering 
them  of  no  service  for  offsets  or  scale,  and  moreover  is  likely 
to  run  off  the  page  altogether. 


CHAPTER  XII. 

Adjustment  op  Instruments. 

Everyadjustmentconsistsof  two  processes:  first  the  test,  and 
second  the  correction.  Inasmuch  as  the  amount  of  correction 
is  made  by  estimation,  the  test  must  always  be  repeated  until 
no  further  lack  of  adjustment  is  observable. 

276.  THE  TRANSIT. 

The  level  tubes  should  be  parallel  to  tlie 
vernier  plate. 

Test :  Place  the  tubes  in  position  over  the  levelling  screws, 
and  turn  the  latter  till  the  bubbles  are  centred;  revolve  the 
plate  180°.  The  bubbles  should  remain  centred;  if  they  have 
retreated — 

Correction  :  Bring  them  half  way  back  to  the  centre  by 
turning  the  adjusting  screws  which  attach  the  tubes  to  the 
plate. 

The  line  of  coUimation  should  be  perpendi« 
cular  to  the  horizontal  axis. 

Test :  Clamp  the  limb,  and  by  the  tangent  screws  bring 
the  intersection  of  the  cross-hairs  to  cover  a  well-defined  point 
about  on  a  level  with  the  telescope ;  plunge  the  telescope  to 
look  in  the  opposite  direction,  and  note  any  point  about  on  a 
level  with  the  telescope  and  about  equidistant  with  the  first 
point,  which  the  intersection  of  the  cross-hairs  now  happens  to 
cover.  Now  unclamp  the  limb  and  turn  through  180°,  and 
repeat  the  above  operation,  using  the  same /r«^  point  as  before 
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The  third  point  obtained  should  be  identical  with  the 
second;  if  not — 

Correction  :  Move  the  vertical  cross-hair  over  <mefowrth 
of  the  apparent  distance  from  the  third  to  the  second  point,  by 
turning  the  adjusting  screws  at  the  side  of  the  telescope. 

The  horizontal  axis  should  be  parallel  to  the 
Temier  plate. 

Test :  After  completing  the  above  adjustments  level  the 
limb,  clamp  it,  and  bring  the  intersection  of  the  cross-hairs  to 
cover  some  high  point  so  that  the  telescope  may  be  elevated  to 
a  large  angle;  depress  the  telescope  and  note  some  point  on  the 
ground  now  covered  by  .the  intersection  of  the  cross-hairs. 
Now  unclamp  the  limb,  turn  it  through  180°,  and  repeat  the 
above  operation,  using  the  same  high  point  as  before.  The 
third  point  found  should  be  identical  with  the  second;  if  not — 

Correction :  Raise  the  end  of  the  axis  opposite  the  second 
point  (or  lower  the  other  end)  by  a  small  amount,  by  turning 
the  adjusting  screws  in  the  standard.  The  amount  of  motion 
required  is  only  determined  by  repeated  trials  until  the  test  is 
satisfied. 

The  intersection  of  the  cross-hairs  should 
appear  in  the  centre  of  the  field  of  view. 

Test :  Bring  the  cross-hairs  into  focus  and  direct  the  tele- 
scope toward  the  sky,  or  hold  a  sheet  of  blank  paper  in  front 
of  it.     If  the  intersection  appear  eccentric — 

Correction  :  Turn  the  screws  (by  pairs)  which  support 
the  end  of  the  eyepiece  until  the  desired  result  is  obtained. 

If  there  be  a  level  on  the  telescope  it  should  he 
parallel  to  the  line  of  collimation. 

Drive  two  stakes  equidistant  from  the  instrument  in  exactly 
opposite  directions,  and  having  perfected  the  previous  adjust- 
ments, level  the  plate  carefully,  clamp  the  telescope  in  about 
a  horizontal  position,  and  observe  a  rod  placed  on  each  stake. 
Have  the  stakes  driven  by  trial  until  the  rod  reads  alike  on 
both.  The  heads  of  the  stakes  are  then  on  a  level.  Re- 
move the  instrument  beyond  one  stake,  and  set  it  up  in 
line  with  the  two,  level  the  plate,  and  elevate  or  depress  the 
telescope  to  a  position  whicli  will  again  give  equal  readings 
on  the  stakes.     The  line  of  collimation  is  now  level —  . 
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Test :  TVliile  in  this  positioi?  the  bubble  of  the  attached 
level  should  stand  centred;  if  not — 

Correction :  Bring  the  bubble  to  the  centre  by  taming 
the  nuts  at  one  end  of  the  tube,  while  the  cross-hair  continues 
to  give  equal  readings. 

277.  THE  Y  LEVEL. 

The  line  of  collimation  should  coincide  with 
the  axis  of  the  telescope. 

Test :  Clamp  the  spindle,  and  bring  the  intersection  of  the 
cross-hairs  to  cover  a  well-defined  point  by  the  tangent  and 
levelling  screws;  revolve  the  telescope  half  over  in  the  Ys,  so 
that  the  level  tube  is  on  top.  The.  intersection  of  the  cross- 
hairs should  still  cover  the  point.    If  either  hair  has  departed — 

Correction  :  bring  it  half  way  back  by  means  of  the  pair 
of  adjusting  screws  at  the  extremities  of  the  other  hair. 

The  attached  level  should  he  parallel  to  the 
axis  of  the  telescope. 

Test :  Bring  the  telescope  over  one  pair  of  levelling  screws, 
clamp  the  spindle,  open  the  clips,  and  bring  the  bubble  to  the 
centre.  Then  gently  remove  the  telescope  from  the  Ys,  and 
replace  it  end  for  end.  If  the  Ys  have  not  been  disturbed,  the 
bubble  should  return  to  the  centre.    If  it  does  not — 

Correction  :  bring  the  bubble  half  way  back  by  turning 
the  nuts  at  one  end  of  the  tube. 

But  as  now  the  level  tube  and  telescope  may  only  lie  in 
parallel  planes,  and  yet  not  be  parallel  to  each  other — 

Test:  bring  the  bubble  to  the  centre  as  before,  and  turn 
the  telescope  on  its  axis  so  as  to  bring  the  level  tube  out  to  one 
side.    The  bubble  should  remain  centred.   If  it  has  departed — 

Correction  :  bring  it  back  to  the  centre  by  the  adjusting 
screws  at  one  end. 

Tlie  axis  of  the  telescope  should  be  at  right 
angrles  to  the  spindle. 

Test :  Having  completed  the  above  adjustments  (and  not 
before),  fasten  down  the  clips,  unclamp  the  spindle,  and  bring 
the  bubble  to  the  centre  over  each  pair  of  levelling  screws  in 
succession,  then  swing  the  telescope  end  for  end  on  the  spin- 
dle.   The  bubble  should  settle  at  the  centre.     If  it  do  not — 

Correction :  bring  it  half  way  back  by  the  large  nuts  at 
^  one  end  of  the  bar. 
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278.  tHB  THEODOLITE. 

This  instmmefit  being  a  combination  of  Transit  and  Levels 
its  several  adjustments  are  to  be  made  according  to  the  rules 
already  given  for  those  instruments.    . 


CHAPTER  XTTT. 

£xpiiAS7ATi<m  OF  Tables. 

Table  I. — Contains  concise  statements  of  such  geometrical 
truths  as  are  applicable  to  the  various  discussions  in  this  volume. 
References  ard  given  to  Davies*  Geometry,  in  which  the  demon- 
strations of  the  propositions  may  be  found. 

Table  II.*-Contains  all  the  formulae  necesSafy*  to  the  solu- 
tion of  any  plane  triangle;  also,  a  select  list  of  miscellaneous 
formulse.  A  few  f ormnlse  with  respect  to  the  versed  sine  and 
external  secant  are  new. 

Table  III. — Contains  a  complete  list  of  formulro  expressing 
the  relations  between  the  radius,  tangent,  chord,  versed  sine, 
external  secant,  and  central  angle  of  a  railway  curve!;  also,  the 
lelationa  between  the  radius,  degree  of  curve,  length  of  curve, 
and  central  angle.  The  notation  is  identical  with  that  used 
elsewhere  in  the  booki 

TABiiE  rV. — Contains  the  radius,  and  its  logarithm,  for  every 
degree  of  curve  to  single  minutes  up  to  10  degrees,  and  thence 
by  larger  intervals  up  to  60  degrees.  With  the  radius  is  given 
also  the  perpendicular  o'ff-set,  t,  from  the  tangent  to  a  point  on 
the  curve  at  the  end  of  the  first  100-foot  chord  from  the  tan- 
gent-point,  and  the  middle  ordinate,  m,  of  a  100-foot  chord. 
Beeeqs.  (16,  84,  87,  40,  and  805). 

Table  T. — Contains  the  corrections  to  be  added  to  the  tan- 
IJBnts  and  externals  of  any  railroad  curve,  as  obtained  by  refe- 
rence to  Table  VI.,  according  to  the  degree  of  the  given  curve 
(found  at  head  of  columns),  and  its  central  angle,  (found  in  the 
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first  column.)  If  the  givea  degree  of  curve,  or  central  angle, 
does  not  appear  in  the  table,  the  exact  value  of  the  correction 
may  be  easily  obtained  by  interpolation. 

Table  VI. — Contains  the  exact  values  of  the  tangents,  T, 
and  externals,  E,  to  a  1  degree  curve,  for  every  10  minutes  of 
central  angle,  from  1°  to  120"  50'.  Approximate  values  of  the 
tangent  and  external  to  any  other  degree  of  curve  may  be  had 
by  simply  dividing  the  tabular  values  opposite  the  given  cen- 
tral angle  by  the  given  degree  of  curve,  expressed  in  degrees. 
These  approximations  may  be  made  exact  by  adding  the  proper 
corrections  taken  from  Table  V.     See  eqs.  (21)  and  (24). 

Table  VII. — Contains  the  value  of  Long  Chords  of  from  2 
to  12  stations,  for  evejy  10  minutes  of  degree  of  curve  from  0° 
to  15°,  and  of  a  less  number  of  stations  for  degrees  of  curve  be- 
tween 15°  and  30°.  As  the  chord  of  one  station  is  always  100 
feet,  the  column  of  the  first  station  gives  instead  the  length  of 
arc  subtended  by  the  chord  of  100  feet.  See  §§  121, 122,  123, 
124,  125. 

Table  Vill. — Contains  the  values  of  Middle  Ordinates  to 
long  chords  of  from  2  to  12  stations,  for  every  10  minutes  of 
degree  of  curve  from  0°  to  10°,  and  of  from  2  to  6  stations  for 
every  curve  from  10°  to  20°,  at  10-minute  intervals.  The  table 
may  be  used,  not  only  to  fix  the  middle  point  of  an  arc,  but 
also,  in  conjunction  with  the  table  of  long  chords,  to  locate  in- 
termediate stations.     See  §§  121,  122,  123, 124,  125. 

Table  IX. — Contains  the  chords  of  a  seriea  of  angles  vaiy- 
ing  by  half  degrees  up  to  30°  for  radii  varying  by  100  feet  up  Ut 
1000  feet  It  shows,  therefore,  the  linear  o'pening  between 
the  extremities  of  two  equal  lines  at  any  given  number  of  hun- 
dred feet  from  their  intersection,  when  the  angle  docs  not  ex- 
ceed 30°.  For  any  distance  exceeding  1000  we  have  only  to 
add  to  the  value  found  in  that  column,  the  value  foun^  in  the 
column  headed  by  the  excess  of  distance  over  1000  feet  Om^ 
versely,  the  table  gives  the  angular  deflection  required  between 
two  equal  lines,  in  order  that  at  a  given  distance  from  the  point 
of  intersection  they  may  >jo  separated  a  given  amount. 
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Table  X. — 1.  Contains  values  of  the  ratio  w  =  — ,  accord- 

A 

ing  to  the  notation  of  §  147  for  finding  the  angle  i  (Fig.  34) 
between  the  radius  PO  of  the  curve  at  any  point  P,  and  the 
tangent  PK  to  the  valvoid  arc  PX  by  the  simple  formula 
eq.  (80)i  =  t^A.  The  table  embraces  lengths  of  curve  from 
300  to  3000  feet,  and  central  angles  from  10°  to  120°. 

When  =  60°  t*  =  i,  and  for  hasty  approximation  this 

lUllU 

value  of  u  may  be  assumed  in  any  case  withput  consulting 

the  table. 

V 

2.  Contains  values  of  the  ratio  ®  =  ^-  for  finding  the  radius 

of  the  valvoid  arc  at  the  point  P  (Fig.  35)  in  terms  of  the 
length  of  curve  L  =  AP  by  the  simple  formula,  eq.  (82), 
r  =  tjZ. 

3.  Contains  values  of  the  length  I,  of  a  valvoid  arc  limited 
by  two  curves  of  equal  length  laid  out  from  the  same  tangent 
and  same  P.  (7.,  but  whose  central  angles  differ  by  1°.  The 
length  L  of  each  curve  is  given  in  the  first  colunm,  and  the 

(A  '  —I—    A  "  \ 
— "^ j  is  given  at  the 

head  of  the  other  columns. 

When  the  central  angles  of  two  curves  of  equal  length 
differ  by  x  degrees  the  length  I  of  the  valvoid  arc  joining 
their  extremities  is  expressed  by  the  simple  formula,  Fig.  36, 

eq.  (86)  ^  =  P'P'=(A'-  a")?, 

A  '  -I-  A  ' 

in  which  I,  is  taken  from  the  column  headed  by ^ 

and  opposite  the  given  value  of  L\ot  I,  is  found  by  inter- 
polation if  necessary.     See  §  150  and  example. 

Tabus  XI. — Contains  the  measurements  necessary  to  lay 
down  a  turnout  with  frogs  of  given  numbers  or  angles  for 
both  a  standard  and  a  three-foot  gauge.  The  distance  BF  is 
measured  on  the  rail  of  the  given  track  from  the  Tieel  of  the 
switch  to  the  poirui  of  the  frog,  while  af  is  the  chord  of  the 
centre  line  of  the  turnout  between  the  same  points.  The 
radius  r  applies  to  the  centre  line  of  the  turnout.  The  dis- 
tance aF"  is  measured  on  the  centre  line  of  the  straight  track 
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from  the  hed  of  the  switch  to  the  point  of  the  middle  frog. 
The  length  of  switch  AD  should  conform  to  the  tabular 
values  unless  the  throw  is  to  be  diiferent  from  that  assumed 
in  the  table.    See  §§  180,  181,  182. 

Table  Xii. — Contains  the  middle  ordinates  of  chords  vary- 
ing in  length  from  10  to  32  feet,  and  for  degrees  of  curve  vary- 
ing from  1"  to  50°.  The  use  of  the  table  is  obvious.  See  §  199. 

Table  XIII. — Gives  the  proper  difference  in  elevation  of 
rails  on  curves  of  various  degrees  from  1°  to  50°  for  veloci- 
ties varying  from  10  to  60  miles  per  hour.     See  §  201. 

Table  XIY. — Gives  the  rise  of  grades  in  feet  per  mile  and 
their  angle  of  inclination  corresponding  to  a  rise  per  station 
<100  feet)  varying  from  0.01  foot  to  10  feet. 

Table  XV.-'Contalns  values  of  the  formula  (log  ^  —  1) 
60384.3  in  which  h  =  reading  of  the  barometer  in  inches.  The 
inches  and  tenths  of  the  readings  are  in  the  left-hand  column, 
while  the  hundredths  are  found  at  the  top  of  the  other  columns. 
The  different  of  any  two  values  corresponding  to  two  read- 
ings taken  simultaneously  at  any  two  stations  is  the  differ- 
ence in  elevation  in  feet  of  those  stations.  But  the  differ- 
ence in  height  so  found  is  subject  to  a  correction  for  tempera- 
ture given  in  the  next  table.     See  §  10. 

Table  XVI. — Contains  coeflBlcients  of  correction  for  i^tniQS- 
pheric  temperature,  by  which  the  approximate  heights  ob- 
tained by  Table  XV.  are  to  be  multiplied  for  a  correct!o9  gf 
these  heights,  which  correction  is  to  be  added  or  subtracted 
according  as  the  coefficient  given  in  the  table  is  marked 
H-  or  -.     See  §  11. 

Table  XVII. — Contains  corrections  in  feet,  required  by  the 
curvature  of  the  earth  and  the  refraction  of  the  atmosphere,  to 
be  applied  to  the  elevation  of  a  distant  object  as  obtained  by  a 
level  or  theodolite  observation  for  distances  ranging  from. 
300  feet  to  10  miles.    See  §  219. 

Table  XVIII. — Contains  the  coefficients  for  reducing  tliia 
space  on  a  vertical  rod  intercepted  by  the  stadia  hairs  when^ 
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the  line  of  collimation  is  Inclined  to  the  horizon,  to  the  space 
that  would  be  intercepted  were  the  line  of  collimation  horizon- 
tal; provided,  that  the  visual  angle  Q  defined  by  the  stadia  hairs 
is  such  that  tan  ^B  =  .005  or  0  =  0'  34'  22". 63,  which  is  its 
customary  value  in  surveying  instruments.  The  angle  of  in-, 
clination  a  is  taken  at  every  10  minutes  through  half  a  quad- 
rant. 

Table  XIX. — Contains  the  logarithms  of  the  coefficients 
given  in  Table  XVIII. 

Table  XX. — Gives  the  lengths  of  circular  arcs  to  a  radius 
=  1. 

To  find  the  length  of  any  arc  expressed  in  degrees,  minutes, 
and  seconds,  take  from  the  table  the  lengths  of  the  given  num- 
ber of  degrees,  minutes,  and  seconds  respectively,  and  multi- 
ply their  sum  by  the  length  of  the  radius.  The  product  is  tjie 
length  of  arc  required. 

Tablb  XXI.^^ontalns  the  values  of  minutes  and  seconds 
expressed  in  decimals  of  a  degree,  for  every  10  seconds  of  arc, 
and  also  for  quarter  minutes  up  to  one  degree. 

Table  XXII. — Contains  the  values  of  inches  and  fractions 
expressed  in  decimals  of  a  foot  for  every  32(1  of  an  inch  up  to 
one  foot. 

Table  XXIII. — Contains  the  squares,  cubes,  square  roots, 
cube  roots,  and  reciprocals  of  numbers  from  1  to  1054  It^ 
use  may  be  greatly  extended  by  observing  that  if  any  number 
is  multiplied  by  n  its  square  is  multiplied  by  n*,  its  cube  by 

n»,  and  its  reciprocal  by  — . 

Table  XXIV.— The  lograrithm  of  a  number  consists  of 
two  parts,  a  whole  number  called  the  cha/racteristiCy  and  a  deci- 
mal called  the  mantissa.  All  numbers  which  consist  of  the 
same  figures  standing  in  the  same  order  have  the  same  man- 
tissa, regardless  of  the  position  of  the  decimal  point  in  the 
number,  or  of  the  number  of  ciphers  which  precede  or  follow 
the  significant  figures  of  the  number.  The  value  of  the  char- 
acteristic depends  entirely  on  the  position  of  the  decimal  point 
in  the  number.     It  is  always  one  less  than  the  number  of 
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figures  in  the  number  to  the  left  of  the  dechnal  pomt.  The 
value  is  therefore  diminished  by  one  every  time  the  decimal 
point  of  the  number  is  removed  one  place  to  the  left,  and  vice 
verm.    Thus 


Nurriber, 

Loifarithm. 

18840. 

4.141136 

1384.0 

3.141136 

138.40 

2.141136 

13.84 

1.141136 

1.384 

0.141136 

.1384 

—1.141136 

.01384 

—3.141186 

.001384 

—3.141186 

etc. 

etc. 

The  mantissa  is  always  positive  even  when  the  characteristic 
is  negative.  We  may  avoid  the  use  of  a  negative  characteristic 
by  arbitrarily  adding  10,  which  may  be  neglected  at  the  closf 
of  the  calculation.     By  this  rule  we  have 

Number.  Logarithm, 

1.384  0.141136 

.1384  9.141136 

.01384  8.141186 

.001884  7.141136 

etc.  etc. 

No  confusion  need  arise  from  this  method  in  finding  a  number 
from  its  logarithm;  for  although  the  logarithm  6.1411-36  repre- 
sents either  the  number  1,384,000,  or  the  decimal  .0001384,  yet 
these  are  so  diverse  in  their  values  that  we  caii  never  be  uncer- 
tain in  a  given  problem  which  to  adopt. 

The  table  XXIV.  contains  the  mantissas  of  logarithms,  car* 
ricd  to  six  places  of  decimals,  for  numbers  between  1  and  9999. 
inclusive.  The  first  three  figures  of  a  number  are  given  in  the 
first  column,  the  fourth  at  the  top  of  the  other  columns.  The 
first  two  figures  of  the  mantissa  are  given  only  in  the  second 
column,  but  these  are  understood  to  apply  to  the  remaining 
four  figures  in  either  column  following,  which  are  comprised 
between  the  same  horizontal  lines  with  the  two. 

If  a  number  (after  cutting  off  the  ciphers  at  either  end)  con- 
sist s  of  not  more  than  four  figures,  the  mantissa  may  be  taken 
direct  from  the  table;  but  by  interpolation  the  logarithm  of  a 
number  having  six  figures  may  be  obtained.  The  last  column 
contains  the  average  difference  of  consecutive  logarithms  on 
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the  same  line,  but  for  a  given  case  the  difference  needs  to  be 
vcri&ed  by  actual  subtraction,  at  least  so  far  as  the  last  figure 
is  concerned.  The  lower  part  of  the  page  contains  a  complete 
list  of  differences,  with  their  multiples  divided  by  10. 

To  find  the  logarithm  of  a  number  having*  six 

figares :— Take  out  the  mantissa  for  the  four  superior  places 
directly  from  the  table,  and  find  the  difference  between  this 
mantissa  and  the  next  greater  in  the  table.  Add  to  the  man- 
tissa taken  out  the  quantity  found  in  the  table  of  proportional 
parts,  opposite  the  difference,  and  in  the  column  headed  by  the 
fifth  figure  of  the  number;  also  add  ^  the  quantity  in  the  col- 
umn headed  by  the  sixth  figure.  The  sum  is  the  mantissa 
required,  to  which  must  be  prefixed  a  decimal  point  and  the 
proper  characteristic. 
Example.-^Find  the  log  of  23.4275. 

For  2342  mantissa  is  869587 

'*    diff.  185  col.  7  129.5 

"       "       "     "    5  9.2 


Ana.  For  2a4275  log  is    1.369726 

The  decimals  of  the  corrections  are  added  together  to  deter- 
miud  the  nearest  value  of  the  sixth  figure  of  the  mantissa. 

To  find  the  number  corresponding  to  a  given 
logaritlim. — If  the  given  mantissa  is  not  in  the  table  find  the 
one  next  less,  and  take  out  the  four  figures  corresponding  to  it; 
divide  the  difference  between  the  two  mantissas  tyy  the  tabu- 
lar difference  in  that  part  of  the  table,  and  annex  the  figures  of 
the  quotient  to  the'  four  figures  already  taken  out.  Finally, 
place  the  decimal  point  according  to  the  rule  for  characteristics, 
prefixing  or  annexing  ciphers  if  necessary.  The  division  re- 
quired is  facilitated  by  the  table  of  proportional  parts,  which 
furnishes  by  inspection  the  figures  of  the  quotient. 

^cample. — ^Find  the   number  of  which  the  logarithm   is 

8.263927  8.263927 

First  4  figures  1836  from  263873 


Diff. 
Tabular  diff.  =236         .',  5th  fig.  =  2 

54.0 

47.2 

6th  fig.  :jo  3 

6.80 
7.08 

Aru,  No.  =  .0183623  or  133,623,000. 
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The  number  derived  from  a  six-place  logarithm  is  not 
reliable  beyoad  the  sixth  figure. 

At  the  end  of  table  XXIY.  is  a  small  table  of  logarithms  of 
niunbcrs  from  1  to  100,  with  the  characteristic  prefixed,  for 
easy  reference  when  the  given  number  does  not  exceed  two 
digits.  But  the  same  mantissas  may  be  found  in  tho  laarger 
tabla 

Table  XXV.— The  lo^rithmlc  glne,  tangent, 
etc.  of  an  arc  is  the  logaritnm  of  the  natural  sine,  tangent, 
etc.  of  the  same  arc,  but  with  10  added  to  tue  characteristic  to 
avoid  negatives.  This  table  gives  log  sines,  tangents,  oostne^ 
ftnd  cotangents  for  every  minute  of  the  quadrant.  With  xKd 
number  of  degrees  at  the  left  side  of  the  page  are  to  be  read 
the  mmutes  in  the  left-hand  column  ;  with  the  degrees  on 
the  right-hand  side  are  to  be  read  the  minutes  in  the  right-hand 
column.  When  the  degrees  appear  at  the  top  of  the  page  the 
top  headings  must  be  observed,  when  at  the  bottom  those  at 
the  bottom.  Since  the  values  found  for  arcs  in  the  first  quad- 
rant are  duplicated  in  the  seoond,  the  degrees  are  given  from 
0°  to  180"*.  The  differences  in  the  logarithms  due  to  ft  change 
of  one  second  in  the  arc  are  given  in  adjoining  columns.  * 

To  fiud  the  log.  sin,  co8,  tan»  or  cot  of  a  given 
arc. :  Take  out  from  the  proper  column  of  the  table  the  log- 
arithm corresponding  to  the  given  number  of  degrees  and 
minutes.  If  there  be  any  seconds  multiply  them  by  the  ad- 
joining tabular  diflPerence,  and  apply  their  product  as  a  cor- 
rection to  the  logarithm  already  taken  out.  The  correction  is 
to  be  added  If  the  logarithms  of  the  table  are  increasing  with 
the  angle,  or  subtracted  if  they  are  decreasing  as  the  angle  in- 
creases. In  the  first  quadrant  the  log  sines  and  tangents  in- 
crease, and  the  log.  cosines  and  cotangents  decrease  as  the 
angle  increases. 

-SwwTipfe.— Find  the  log  sin  of  0*  28'  20'. 

Logsin  of  9°  28'  is  9.216097 

Add  correction  20  X  12.62  252 

Am.  9.216849 

Example.— Ym^  the  log  cot  of  9"  28'  20'. 

Log  cotan  of  9"  28'  is  10.777948 

Subtract  correction  20  X  12.97  259 

An^  10777689 
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To  find  the  angle  or  arc  corresponding  to  a 
given  logarithmic  sine,  tangent^  cosine,  or   co« 

!  taugent.— If  the  giveu  logarithm  is  found  in  the  proper 
I  column  take  out  the  degrees  and  minutes  directly;  if  not,  find 
the  two  consecutive  logarithms  between  which  the  given 
logarithm  would  fall,  and  adopt  that  one  which  corresponds  to 
the  least  number  of  minutes;  which  minutes  take  out  with  the 
d^rees,  cmd  divide  the  difference  between  this  logarithm  and 
the  given  one  by  the  adjoining  tabular  difference  for  a  quo- 
tient, which  will  be  the  required  number  of  seconds. 

With  logarithms  to  six  places  of  decimals  the  quotient  is 
not  reliable  beyond  the  tenth  of  a  second. 

Example. — 9.383731  is  the  log  tan  of  what  angle? 
Nest  Im  9.888682  gives  13°  36' 

jwff.  i.oo  -*-  aao  =  05".3 


Ans.     13°  36'  05'.3 

Escampk. — 9.249348  is  the  log  cos  of  what  angle? 
Next  great&r  683  gives  79^  46' 

Diff.  235  -4- 11.67  =  20M 


Ans,     79°  46  20M 

The  above  rules  do  not  apply  to  the  first  two  pages  of  this 
table  (except  for  the  column  headed  cosine  at  top)  because 
here  the  differences  vary  so  rapidly  that  interpolation  made  by 
them  m  the  usual  way  will  not  give  exact  results. 

Ob  the  first  two  pages,  the  first  column  contains  the  number 
of  seconds  for  every  minute  from  1'  to  2* ;  the  minutes  are 
given  in  the  second,  the  log.  sin.  in  the  third,  and  in  the  fourth 
are  the  last  three  figures  of  a  logarithm  which  is  the  difference 
between  the  log  shi  and  the  logarithm  of  the  number  of  sec- 
onds m  the  first  column.  The  first  three  figures  and  the  char- 
acteristic of  this  logarithm  are  placed,  once  for  all,  at  the  head 
of  the  column. 

To  find  the  log  sin  of  an  arc  less  than  2°  given 
to  Seconds. — Reduce  the  given  arc  to-seconds,  and  take  the 
logarithm  of  the  number  of  seconds  from  the  table  of  loga« 
rithms,  and  cbdd  to  this  the  logarithm  from  the  fourth  column 
opposite  the  same  number  of  seconds.  The  sum  is  the  log  sin 
required. 

The  logarithm  in  the  fourth  eolumn  may  need  a  slight  inter 
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polation  of  the  last  figure,  to  make  it  correspond  closely  to  th6 
given  number  of  seconds. 

IJxample— Find  the  log  sin  of  V  39'  14\4. 

V  39'  irA  =  5954".4  log  3.774838 

add  (g  -  0  4.685515 

Ans.  log  sin  8.460353 

Log  tangents  of  small  arcs  are  found  in  the  same  way,  only 
taking  the  last  four  figures  of{q  —  l)  from  the  fifth  colmnn. 

Example.— Yind  the  log  tan  of  0"  52'  35\ 

add  (a  -  T)  4.685609 


52'  35'  =  (3120'  +  35')  =  3155"  log  j?. 498999 

"  {q-l)  4.r 


Ans.     log  tan  8.184606 

To  find  the  log  cotangent  of  an  angle  less  than 
2°  given  to  seconds.— Take  from  the  column  headed  ( ^+  0 
the  logarithm  correspondmg  to  the  given  angle,  interpolating 
for  the  last  figure  if  necessary,  and  from  this  subtract  the  loga- 
rithm of  the  number  of  seconds  in  the  given  angle. 

Example.—Fmd  the  log  cotan  of  1°  44'  22'.5. 

q  4-  I  15.314292 
6240'  +  22'.5  =  6262.5  log    3.796748 

Ans.     11.517544 

These  two  pages  may  be  used  in  the  same  way  when  the 
given  angle  lies  between  88"*  and  92°,  or  between  178°  and  180°; 
but  if  the  number  of  degrees  be  found  at  the  bottom  of  the  page, 
the  title  of  each  column  will  be  found  there  also;  and  if  the 
number  of  degrees  be  found  on  the  right  hand  side  of  the  page, 
the  number  of  minutes  must  be  found  In  the  right  band  col- 
umn, and  since  here  the  minutes  increase  upward,  the  number 
of  seconds  on  the  same  line  In  the  first  column  must  be  dimin- 
ished by  the  odd  seconds  in  the  given  angle  to  obtain  the  num- 
ber whose  logarithm  Is  to  be  used  with  {q  ±  I)  taken  from  the 
table. 

Example.— Y'md  the  log  cos  of  88"  41'  12".  5 

(g  -  0  4.685587 
4740'  - 12'.5  =  4727.5  log  3.674631 

Ans.   8.360168 
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Etample,— Find  the  log  tan  of  90"  30'  50*. 

q  + 1  15.314418 
1800"  +  50'  =  1850*  log  _a  267172 

Am.    12.047341 

To  find  the  arc  correspondingr  to  a  given  log 

fiiiiy  C0S9  tan^  or  cotan  which  falls  within  the 

'  limits  of  the  first  two  pages  of  Table  XXY.    \ 

^Find  in  the  proper  column  two  consecutive  logarithms  be- 

,  tween  which  the  given  logarithm  falls.    If  the  title  of  the 

I  given  function  is  found  at  the  top  of  that  column  read  the 

degrees  from  the  top  of  the  page;  if  at  the  bottom  read  from 

the  bottom. 

Find  the  value  of  fe  —  Q  or  (g'  +  Q,  as  the  case  may  require, 
corresponding  to  the  given  log  (interpolating  for  the  last  figure 
if  necessary).  Then  if  g  =  given  log  and  I  =  log  of  number  of 
seconds,  n,  in  the  required  arc,  we  have  at  once  l=q  —  (^  —  I) 
or  I  =z{q-\- 1)  —  q,  whence  n  is  easily  found. 

Find  in  the  first  column  two  consecutive  quantities  between 
which  the  number  n  falls,  and  if  the  degrees  are  read  from 
the  kft  hand  side  of  the  page,  adopt  the  less,  take  out  the 
minutes  from  the  second  column,  and  take  for  the  seconds 
the  difference  between  the  quantity  adopted  and  the  number 
n.  But  if  the  degrees  are  read  from  the  right  hand  side  of  the 
page,  adopt  the  greater  quantity,  take  out  the  minutes  on  the 
same  line  from  the  right-hand  column,  and  for  the  seconds 
take  the  difference  between  the  number  adopted  and  the  num- 
ber ». 

£iKample.'-11.7^426S  is  the  log  cot  of  what  arc? 

q  + 1  15.814376 

g  11.734268 

.-.     n=:  8802.8  3.580108 

Por  1'  adopt     8780,        giving  03' 

T)ifference  22".  8 

Ans.  r  03'  22'.8  or  178''  56'  37".2. 

jBeowi^fe.— 8.201795  is  the  log  cos  of  what  arc? 

q  - 1  4.685556 

q  8.201795 

.'     »=i  3282'.8  3.516239 

For  89"  adopt     3300.       giving  05' 

Difference  17*.  2 

47W.  89'*  05'  17'.^  or  W  54'  42'.8. 
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Tablb  XXVI. -^Contains  logarithmic  versed  sines  and  ex- 
ternal secants  for  every  minute  of  the  quadrant,  with  the 
differences  of  the  same  corresponding  to  a  change  of  1  second 
in  the  arc  or  angle.  Interpolation  for  seconds  is  made  in  the 
same  manner  as  with  log  sines  of  the  preceding  table,  except 
on  the  first  two  pages.  For  angles  less  than  4''  the  differences 
Vary  so  rapidly  that  interpolation  by  direct  proportion  will  not 
give  exact  values. 

On  the  first  two  pages  the  column  headed  q^2l  contains 
the  difference  between  the  log  versed  sine  (or  log  ex  secant)  of 
an  arc  and  tteice  the  logarithm  of  the  number  of  seconds  in  the 
same  arc.  The  characteristic,  and  first  three  decimals  (9.070) 
are  common  to  all  the  logarithms  in  these  columns  up  to  8"  19' 
for  log  vers  sines,  where  it  changes  to  (9.069),  as  shown  at  the 
foot  of  the  column;  and  up  to  4**  for  log  ex  secants,  where  it 
changes  to  (9. 071).  At  the  point  of  change  a  cipher  is  replaced 
by  the  mark  ♦  to  call  attention. 

To  find  tbe  log:  vers  sin,  or  log:  ex  sec  of  an 
angle  given  to  seconds. — Reduce  the  angle  to  seconds, 
take  the  logarithm  of  this  number,  multiply  it  by  2,  and  add 
the  product  to  the  logarithm  in  the  column  {q  -^  21)  found  op* 
posite  the  given  angle.  The  log  {q  —  20  should  be  corrected 
by  interpolation  for  the  fractional  part  of  a  minute  in  the  given 
angle. 

JEJxample.—Wh&t  is  the  log  ex  secant  of  3^  14'  43'.  7? 

2°  14'  43\7  =  8040'  +  43.7  =  8083\7      log  3.907610 

2 


21  7.815220 

{q  -  21)         9.070064 

Ans.        w    q  6.885284 

To  find  the  arc  corresponding  to  a  given  Ic^ 
vers,  or  log  ex  sec*— Find  in  the  column  of  log  vers,  or 

log  ex  sec  the  two  values  between  which  the  given  log  falls, 
and  take  out  from  the  column  (y  —  2/)  the  logarithm  corres- 
I)onding  to  the  given  log  (interpolating  for  the  value  of  the  last 
figure  if  necessary).  Subtract  this  from  the  given  logarithm 
and  divide  by  2.  The  quotient  is  the  logarithm  of  %h%  num* 
ber  of  seooads  in  the  required  arc. 


EXPLANATION  or  TABLES.  *^ijO 

jSSBomp^.— -7.844728  is  the  log  vers  of  what  arc? 

q  7.844728 

3"  48'  +  (?  -  2i)         9.060900 

2)8.274768    . 

13720\9  .-.     I       4.137384 

13680. 


Ana.     3"  48'  40\9 

To  find  the  logr  ex  sec  of  ^an  arc  gTea,ter  than 
88°  given  to  seconds. — Take  from  the  columii  (g  +  0 
the  logarithm  corresponding  to  the  given  arc,  interpolating  for 
the  fraction  of  a  minute.  From  this  subtract  the  logarithm  of 
the  number  of  seconds  in  the  complement  of  the  given  arc. 

Emmple.'^'Wh&t  is  the  log  ex  sec  of  88'  24'  20'.  5? 
For  88^  24'  q  +  l  15.302183 

Correction  129  X  ~~-=  44 

q  +  l        15,302227 
Comp.  88°  24'  20'.5  =  5739\5  log    3.758874 

Ana,    log  ex  sec  11.543353 

To  find  the  angle  corresponding:  to  a  given 
tog  ex  sec  when  the  angle  is  greater  than  88°. — 

Find  in  the  table  the  two  consecutive  log  ex  secants  between 
which  the  given  one  falls,  and  then  find  by  interpolation  the 
value  of  the  log  (q-\-l)  corresponding  to  the  given  log  ex  sec 
and  subtract  the  latter  from  it.  The  difference  will  be  the 
logarithm  of  the  number  of  seconds  in  the  complement  of  the 
required  angle,  which  is  then  easily  found. 

Example. — 11.924368  is  the  log  ex  sec  of  what  arc? 

Given  log  ex  sec  11.924868 

Kextless  11.918290  q  +  l        15.309225 

Diff.  6078 

p„      ,,  9352  -    9225   ^,  _^^^ 

Correction  =  ^SlSTTTs^  X  ^^^^  =  ^1 

q  + 1        15.309296 
Given  log  ex  sec  11.924368 

OMO' 26^2  =  2426'.2  .'.     log    8.384928 

Am.  89°  19'  83%& 


266  FIELD   ENGINEEBING. 

Tablb  XXVIL — Contains  natural  sines  and  cosines,  to  fiv© 
places  of  decimals  for  every  minute  of  the  quadrant.  Correc- 
tions for  fractions  of  a  minute  are  made  directly  proportional 
to  the  difference  of  consecutive  values  in  the  table;  positive 
for  sines,  negative  for  cosines. 

Tablb  XXVIII. — Contains  natural  tangents  and  cotangents 
to  five  places  of  decimals  for  every  minute  of  the  quadnint 
Corrections  for  fractions  of  a  minute  are  made  directly  propor- 
tional to  the  difference 'of  consecutive  values  in  the  table; 
positive  for  tangents,  negative  for  cotangents. 

Table  XXIX. — Contains  natural  versed  sines  and  external 
secants  to  five  places  of  decimals  for  every  minute  of  the 
quadrant.  Corrections  for  fractions  of  a  minute  are  made 
directly  proportional  to  the  difference  of  consecutive  yalues. 
They  are  positive  in  every  case. 

Table  XXX. — Contains  the  number  of  cubic  yards  con- 
tained in  prismoids  of  various  side  slopes,  bases,  and  depths^ 
as  indicated  by  the  title  and  the  numbers  in  the  first  column. 
Each  prismoid  is  supposed  to  have  a  uniform  level  cross  sec- 
tion throughout.  These  tables  are  chiefly  useful  in  making  up 
preliminary  estimates  from  the  profile,  or  in  other  cases  where 
only  approximate  results  are  required.  For  monthly  and  final 
estimates  more  elaborate  tables  are  required,  such  as  are  des- 
cribed in  §  257. 

To  make  an  approximate  estimate  of  quanti* 
ties  from  a  profile  by  use  of  Table  XXX.— -Select  the 
proper  column  for  base  and  slopes,  and  if  the  outline  of  a  cut 
on  the  profile  is  roughly  a  four-sided  figure,  stretch  a  fine  silk 
thread  over  the  surface  line  to  average  it,  note  the  depth  from 
thread  to  grade  line  midway  of  the  cutting,  and  multiply  the 
tabular  number  opposite  this  depth  by  the  average  length  of 
the  cutting  in  stations  of  100  feet.  (By  average  length  is  meant 
the  half  sum  of  the  length  of  the  grade  line  in  the  cutting  and 
of  so  much  of  the  surface  line  as  is  covered  by  the  thread.)  If 
the  area  of  a  cutting  as  seen  on  the  profile  is  approximately 
triangular,  stretch  an  averaging  line  over  each  incline,  and 
note  the  depth  from  the  intersection  of  these  lines  to  &:rad^ 
and  multiply  the  tabular  number  opposite  this  depth  by  one- 
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half  the  length  of  the  cut  measured  on  the  grade  line  hi  sta- 
tions. The  resulting  quantities  will  he  slightly  in  excess  if  the 
ground  is  level  transversely,  hut  may  he  too  small  if  the  trans- 
verse slope  is  steep,  and  cutting  on  the  centre  line  is  smalL 
In  general  they  furnish  a  good  approximation.  Quantities  in 
embankments  may,  of  course,  he  found  similarly.  A  cut  or 
fill  may  be  divided  on  the  profile  into  several  portions,  and  the 
contents  of  each  portion  found  separately  if  preferred. 

The  content  of  a  prismoid,  level  transversely,  hut  having 
different  end  depths,  maybe  found  correctly  by  this  table  thus : 
add  together  the  quantities  opposite  each  end-depth  and  4  times 
the  quantity  opposite  the  half  sum  of  the  depths;  multiply  the 
8uni  by  the  length  in  feet,  and  divide  by  600. 

TASiiB  XXXI. — Contains  a  variety  of  useful  numbers  and 
formulae.  The  logarithms  are  here  given  to  seven  places  of 
decimals. 


TABLE  I. -GEOMETRICAL  PROPOSITIONS. 


The  References  are  to  Dames'  Legendre^  Revised  Edition. 


No. 


3 


6 


8 


9 


10 


11 


12 


13 


14 


16 


16 


Reference. 


IV.,  XI. 


I.,  XE.,  Cor.  1 


L,  XI. 


L,  XL,  Cor.  2.... 


L,XXV.,  Cor.  6.. 

IV.,  XX, 

L,  xxvn 

I.,  XXVL,  Cor.  1. 

I.,  xxvni 

L,  XXXI. 

nL,VIL 

in.,xvn 

v.,  Xm.,  Cor.  2.. 

v.,  xm 

m.,  VI 

m.,  IX 

m.,  XIV.,  Cor. . . 
L.H........ 


Hypotheses. 


If  a  triangle  is  right 
angled, 


If  a  triangle  is 
equilateral. 

If  a  triangle  is 
isosceles. 

If  a  straight  line 
from  the  vertex 
of  an  isosceles 
triangle  bisects 
the  base, 

If  one  side  of  a  tri- 
angle is  pro- 
duced. 

If  two  triangles  are 
mutually  equian- 
gular. 

If  the  sides  of  a 

Solygon  are  pro- 
uced      in     the 
same  order, 

If  a  fl^re  is  a 
quadrilateral. 

If  a  figure  is  a 
parallelogram. 


If  three  points  are 
not  in  the  same 
straight  Une, 

If  two  arcs  are  in- 
tercepted on  the 
same  circle. 

If  two  arcs  are 
similar. 

If  two  areas  are 
circles, 

If  a  radius  is  per- 
pendicular to  a 
chord, 

If  a  straight  line  is 
tangent  to  a 
circle. 


If  from  a  point 
without  a  circle 
tangents  are 
drawn  to  touch 
the  circle, 


Consequences. 


The  square  on  the  hypothe- 
nuse  is  equal  to  the  sum  of 
the  scmares  on  the  other 
two  sides. 

It  is  equiangular. 

The  angles  at  the  base  are 
equal. 

It  bisects  the  vertical  angle. 
And  is  perpendicular  to  the 
base. 


The  exterior  angle  is  €»qual  to 
the  sum  of  the  two  interior 
and  opposite  angles. 

They  are  similar.  And  their 
corresponding  sides  are 
proportional. 

The  simi  of  the  exterior 
angles  equals  four  right 
angles. 

The  sum  of  the  interior  ang^les 
equals  four  right  angles. 

The  opposite  sides  are  equal.  , 
The  opposite    angles    are  ; 
e^ual.    It  is  bisected  by  its  ' 
diagonal.  And  its  diagonals 
bisect  each  other. 


A    circle     may 
through  them. 


be   passed 


They  are  proportional  to  the 
correspondmg  angles  at  the 
centre. 

They  are  proportional  to  their 
radii. 

They  are  proportional  to  the 
squares  on  their  radii. 

It  bisects  the  chord.  And  it 
bisects  the  arc  subtended 
by  vhe  chord. 

It  meets  it  in  only  one  point. 
And  it  is  perpendicular  to 
the  radius  dx«wn  to  that 
point. 

There  are  but  two.  They  are 
equal.  And  they  make 
equal  angles  with  the  chord 
Joining  the  tangent  points. 
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The  Ee/erences  are  to  Dames'  Legendre^  Revised  Edition. 


No. 


17 


18 


Rbterxncb. 


IIL,X 


m.,  xvin. 


19 


20 


21 


22 


irL,XVIIL,Cor.3 


HL,  XXI. 


IV.,XXVin.,Cor. 


IV.,yXTTT.,Cor.2 


28 


24 


rv.,  XXIX.,  Cor.. 


IV.,  XXX. 


25 


IV.,  XIV. 


26 


IV.,  xn. 


Hypotheses. 


If  two  lines  are 
parallel  chords 
or  a  tangent  and 
parallel  chord, 

If  an  angle  at  the 
circumference  of 
a  circle  is  sub- 
tended by  the 
same  arc  as  an 
angle  at  the  cen- 
tre. 

If  an  an^le  is  in- 
scribed ma  semi- 
circle, 

If  an  angle  is 
formed  by  a  tan- 
gent and  chord, 

If  twa  chords  in- 
tei*sect  each  oth- 
er in  a  circle, 


And  if  one  chord  is 
a  diameter,  and 
the  other  per- 
pendicular to  it, 


If  two  secants 
meet  without  the 
circle, 

If  a  secant  and 
tangent  meet, 


If  a  straight  line 
from  the  vertex 
of  a  triangle  bi- 
sects its  base. 


If  a  perpendicular 
be  drawn  from 
the  vertex  of  a 
triangle  to  the 
base. 


Consequences. 


They  intercept  equal  arcs  of 
a  circle. 


The  an^le  at  the  circumfer- 
ence IS  equal  to  half  the 
angle  at  the  centre. 


It  is  a  right  angle. 


It  is  measured  bv  one  half  of 
the  intercepted  arc. 

The  rectangle  of  the  seg- 
ments of  the  one,  equals  the 
rectangle  of  the  segments 
of  the  other. 

The  rectangle  of  the  seg- 
ments of  the  diameter  is 
equal  to  the  square  on  half 
the  other  chord.  And  the 
half  chord  is  a  mean  pro- 
portional between  the  seg- 
ments of  the  diameter. 

The  rectangles  of  each  secant 
and  its  external  segment 
are  equal. 

The  rectangle  of  the  secant 
and  its  external  segment  is 
equal  to  the  square  on  the 
tangent.  And  the  tangent 
is  a  mean  proportional  be- 
tween the  secant  and  its 
external  segment. 

The  sum  of  the  squares  on 
the  two  sides  is  equal  to 
twice  the  square  ot  half  the 
base  increased  by  twice  the 
square  of  the  bisecting  line. 

The  square  of  a  side  opposite 
an  acute  angle  is  equal  to 
the  sum  of  the  squares  of 
the  other  Fide  and  the  base, 
diminished  by  twice  the 
rectangle  of  the  base  and 
the  distance  from  the  ver- 
tex of  the  acute  angle  to 
the  foot  of  the  perpendicu- 
lar. 
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TABLE  n.-TBIGONOMETEI0  FOBflSOLJG. 


1 


Trigonometbic  FUMOnOHB. 

Let  A  (Fig.  107)  =  angle  BAG  =  arc  BF,  and  let  the  radius  AF  ■. 
AH=  1. 


XBa 


We  then  have 

sin  Ji 

=2  BO 

cos  4 

=:  AC 

tan^ 

=zDF 

cot  A 

=  HQ 

sec  A 

=  AD 

cosec  A 

=  AG 

versin  A 

=  CF=  BE 

covers  A 

=  BK=HL 

exsec  A 

=  BD 

coexsec  A 

=  BG 

chord  A 

=  BF 

chord  2  A 

=  BI=  2BC 

In  the  right-angled  triangle  ABC  (Fig.  107) 
Let  AB  =  c,AC  =  h,  and  BC  =  a. 
We  then  have : 


1. 

sln^ 

= 

a 
c 

2. 

cos^ 

= 

c 

8. 

tan^ 

= 

a 

b 

4. 

cot  A 

= 

b 
a 

5. 

seoA 

= 

c 

b 

6. 

cosec  ^ 

= 

c 
a 

7. 

vers^ 

= 

c  -b 
c 

c  -6 

8.    exsec  A    = 


ft  .       c  —  a 

9.    covers^  = 

c 


10.    coexsec  A  = 


c  —  a 
a 


cosB 
BinB 
cotB 
tanB 
cosec ^ 
secB 
covers  B 
.coexsec  B 
versin  B 
exsec  P 


15. 
16. 
17. 


Fio.  107. 


11.      a  =  c  sin  ^  =  &  tan  A 


12.      &  =  ccos^  = 

18.     e 

14.     a  =  c  cosJ?  =3 


a 

sin  A 


a  cot  A 
cos.^ 

* 

bcotB 


b  =  can  B  =  a  tan  B 


c  = 


cos  B       Bin  B 


»  =  V(c  +  b){c-b) 


21.  area  = 


18.  6  =  V  (c  -fa)  (c  -  a) 

19.  e  «  Va' -f6» 


aa      0  =  90*  =  ^-fJ? 


o6 
2 


97.q 


TABLB  n.^-TBtOOKOMBTRXd  FOBICITLA 


Solution  or  Obuqui  Tbzanoles. 

• 

a/                     t.                          >fl 

Fia.  108. 

22 

GIVEN. 

eOUGHT. 

90R1IULJB. 

A,B,a 

C,6,c 

/TT  _  iOAo       (JJL7r\           h  ~      *         mn  fl^ 

\y  —  Auv     ~~  y.^x  ~j~  -"^1             "  ~"      •         V*  l**^  ^^^ 

«  —   -   ^  ..  ..  nin  ^>J  .1.  R^ 

*''■  sin^*^^'^  '"^^ 

23 

a,  a,  6 

P,  C,  c 

slnP  =  — ^.6,            C=180°-(^+B), 

/•  —        ^           aiti  r* 

"^  -  Sin  ^  •  ^  ^• 

24 

C,  a,  6 

Jl^U  +  J5) 

^U  +  B)=;90o^J^a 

25 

«U-^) 

tanJi^U-P)  =  ^^tanJ^U  +  £) 

26 

A,B 

27. 

e 

28 
29 

a,b,e 

area 

JT  =  ^  a  6  sin  C. 

Let«  =  J^(a  +  6  +  c);sinJ^^  =  i/^^^^*-''^ 

80 
SI 

-^^yn^-^'^-H^y^v^^?-^ 

^^.^2^»(»-«K»-6)(.-c) 

6c                  ' 

be 

aij 

area 

K  =  Va  («  _  a)  (a  -  6)  (a  -  c) 

8a 

A,B,C,a 

area 

j^  _  a'*  sin  « .  sin  C 
~          2  sin  A 
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TJLBLB  U. — ^TBiaONOMETBIC  FORMULJB. 


1 


OBNBBAL  FOBlfUUB. 


34 
35 

36 

87 

88 
89 

40 

41 

42 
43 
44 

45 

46 

47 

48 

49 
60 

6t 

6S 


fiin^    = 


=    VI  — cos' ^    =:    tan^cos^ 


cosec^ 
sin^    =    2ein^AcoB^A    =    vers  ^  cot  ^^ 


sin^    =     VWven2A    =     V^0.  —  cob2A) 
1  

COSji     : 


sec  A 


^i^shk^A    ip   cot^sin^ 


cos  ^    =    1  —  vers  A    =    2  cos"  Ji^ .  l  —  1    =    1—2  sin"  ^  A 
cos  A    : 

tan^ 


cos^^A  —  ein^HA    =    V}i-{-Hco8»A 
1  sin  A 


cot  A 


cos  A 


—    i'  sec"  A—  1 


tan  A 


y  cos"  A 


—  cos"  A 


COB  A 


sin2u4 
1  -f  cos  2  A 


tan^    =    — 


cot  A    = 


1  —  cos  2  A 
8in2^  ~ 


vers  2^ 
sin2^ 


=    exsec  A  cot  ^  Jl 


tan^ 


cos  ^ 
sin  A 


=     ^  cosec"  A  —  1 


cot  A    = 


sin  2^ 


1  —  cos  2  A 


sin2^ 
vers  2^ 


1  4-  cos  2  A 
ahi2A 


CJt  A    = 


ta^^A 
exsec  u4 


vers  ^    =    1  —  cos  ^    =    sin  ^  tan  ^A    ==    2  sin*  ^  A 


vers  A    =    exsec  -4  cos  A 


exsec  ^    =    sec  ^  —  1    =    tan  A  tan  ^A    = 


vers^ 
cos  A 


.    .,   .              /I  —  cos  A  / 

sinH^    =    |/ 2 =    |/- 


sin  2^    =    2  sin  ^  cos  ^ 


vers -4 


008  \^A 


-^- 


+  cos^ 
2 


cos  2^    =    2cos«X  — 1    =    cos"  ^  —  sin" -4    ■    1  — 2sin"^ 


27  b 


TABLE  n. — TBIGONOMBTRIC   FORMXTLiE. 


Gbnibaal  Fobmulx. 


l  +  sec^  sin^  y   1  + cos  til 


» .    .       o    .  2  tan  A 

51  tan  2  ^  = 


1  — tana^ 


56.  cot.  }t^A  = 


56.  cot  2  ^  = 


67.  vers^^s 


_    sin^    _  14-cos^_ 


vers  A         sin  ^  cosec  ^  •«-  cot  ^ 

cot«^  — 1 
2cot^ 

H  verg  A  I-'CobA 


l+^l-HyersA'   2+V2{i^6osA) 
68.  vers  2  ^  ss  2  sin*  j1  at  8  sin  ^  cos  ^  tan  ^ 

1  —  cos  A 


60.  ezseo  H  -^  ~ 


a+oosu4)  +  V2(l  +  cos-4) 


60.  ezsec  2  ^  =  Ji?5l4r 

l-.tan«^ 

61.  Bin  (-4  ±  5)  =  sin  ^ .  cos  P  ±  sin  P .  cos  -4 
68.  cos  (^  ±  £)  =  cos  ^ .  cos  P  7  gin  ^ .  sin  P 

68.  sin4  +  sinP  =  2sin^U  +  P)cos^(^  — P) 
64.  Bln-4  — sinP  =  2cosJ^(^  +  P)sinJi^M--P) 
66.  cos  -4  4-  cos  P  =  2  cos  ^  (-4  +  P)  cos  Ji^  (^  -  B) 

66.  cobP  — coB^  =  2sin^U4-P)sinJiiU  — B) 

67.  sin«  A  —  Bin«  P  =  cos«  P  —  cos'  -4  =  sin  (-4  +  P)  sin  U  — B) 

68.  cos*  A  —  sin*  P  =  cos  (-4  +  P)  cos  M  —  P) 

sin  U  +  P) 


).  tan  A  4-  tan  P 


cos  ^ .  cos  P 


7(liten^-tenB=  ""U-B) 

COS  ^  .  COS  P 


^rv^^iff.ji  i-ii^M 
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TABLE  m.— CURVE  FORMULi^. 


orvKN. 


2 
8 
4 


6 

.7 
8 

9 
10 
11 
12 
13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

SS 


A,  D 
D,  L 

A,  L 

i4 

it 
it 

«t 
it 
it 

JE7,  A 
tt 

ti 

it 

C,    A 
ft 

«t 
tt 

M,    A 

it 
u 

It 


SOUGHT. 


R 


D 

T 
C 
M 
E 
B 
E 
C 
M 

B 

T 

C 

M 

B 

M 

T 

E 

B 

O 
T 

E 


FORMULAS. 


B^ 


50 


filn^i) 


sin^Ds 


60 


£,  =  100 


D 


DL 

100 


D  =  100 


T 

C  : 

M: 
E: 
B: 

E: 

c 

M 

B 

c 

M 

B. 
M 

T: 


E:= 

R  = 

T 

E 


L 

i^tan^  A 
!$  1?  sin  ^  A 
B  vers  ^  a 

Tcot^  A 

Ttan^  A 

2  T  cos  ^  A 

r  cot  ^  A  .  TdtB  H  t, 

E 
ezseo^  A 

^cot  ^  A 

2^_8in^A_ 
exsec  %  A 

^cos^  A 

C  

2sm^  A 

c 

2  cos  ^  A 

exsec  }i^ 
**^     SinjiA 

M 


vers  Jj^  A 
2Af  ootH  A 


=   M 


tati^  A^ 
versi^  A 

M 


coi^  A 
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TABLE  IIL-CURVE  FORMULA 


GIVEN. 

26 

R,  T 

27 

u 

28 

R,  C 

29 

(( 

30 

2?,  M 

31 

<i 

82 

R,  E' 

33 

t4 

34 

r,  c 

35 

i( 

36 

r,  E 

37 

it 

38 

C,  M 

39 

(t 

40 

Jf  ,  E 

41 

n 

42 

R,  T 

43 

<t 

44 

i( 

45 

R,  C 

46 

n 

47 

i* 

SOUGHT^ 


«( 


4i 


ii 

c 

M 

E 

T 

M 
E 


forhula:. 


ten  3^  A  = 
sin  J4^  A  = 

siii  1^  A  = 


rs" 


c 


2R 


cosJi.=     »|/(«  +  |)(ij-|) 


R 

..  M 

vers  Ji  ^  =  -^- 

^z  R-M 

cos  J^  A  =  — ^  — 

exsec  J4  A  =  — ^^ 


cos  J^  A    = 


k 


R-\-E 
C 


cos  Jl^  A    =   g^ 


tan  ^  A 


E 
ten  >4  A  =  -^- 


COS  J^  A    = 


ten^  A  =-  (;— 


COS  J^  A    = 


2J^ 
C 


3f 

COS  Ji^  A  =  -^- 


ten 


J4   A    r=|/ 


E-  M 

E+M 


C  = 


2ri2 


Vr2+i2a 


V(«+j)(--l) 

M=R  -   V{R  +  }4C){R-'j^C) 

i?2 
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TABLE  ni.-CURVE  FORMULA. 


48 

49 
60 

61 

62 

63 

64 

55 
66 
67 
68 
59 
60 
61 

63 
64 
65 

66 

67 
68 

69 

70 

71 


GIVEN. 


2?,  M 


(i 


t( 


i2,  E 


(( 


(( 


T,  C 


«i 


<( 


r,  E 


(( 


C,M 


(( 


Jf,  JS7 


4( 


(I 


r,  M 


It 


c,  JS 


i( 


i( 


SOUGHT. 


r 

C 

E 

T 

C 

M 

B 

M 
E 
R 
C 
M 
B 
T 
E 
B 
T 
C 

B 

E 
C 

B 

T 

M 


FORMULA. 


_  JB  j/Af  (2  Jg-Jf) 

~  B^M 


C  =   2VM(fiB  -M) 
BM 


E  = 


B  -^  M 


T  =  VEi2B'^E) 


^=-B  +  E 

CT 
B  = 


Vi2T+C)  {2T-C) 

^    r   2r+c 
^  =  ^|/2r+c 

^  -  2E 


C  = 


2  r  (ya  -  jsyg) 


jif  -  -g  {T^  -  E^) 
T^-\-E^ 

^- 2M 


T  = 


C(Ca+4  3fa) 
2(0^-  4Jlfa) 


If  = 


EM 
E-M 


=-/!? 


3f 


C^^M^-l± 


M 
M 


2  Ja 
E^  -]-  E^  M  -  ET^  '\-  MT^  =  0 

C»  +  2rCa-|-43f»C-8Jf«  r=0 


228  + i?« 


4^a  _■  pa 

8^ 


-  «  -4-  - 


C*  E 

8 


s  0 


2  r»  -  ra  c— 2  rj?> — cj?« = 0 


M*+M^E-\-M 


§79 


c>      c«  J? 


=  0 


TABLE  IV.— RADH,  LOGARTTHMS^  OFFSETS,  ETC. 


Deg. 
D. 


0"  (y 

1 

2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
28 
24 

25 
26 
27 
98 
29 
80 

81 
82 
88 
84 
85 
86 
87 
88 
89 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

51 
52 
58 
54 
55 
56 
W 
58 
59 
60 


Radius. 


Infinite 
343775. 
171887. 
114592. 
85943.7 
68754.9 
57295.8 
49110.7 
42971.8 
38197.2 
34377.5 

81252.3 
28647.8 
26444.2 
24555.4 
2^918.3 
21485.9 
20222.1 
19096.6 
18093.4 
17188.8 

16370.2 


.1 

.7 


.1 

.4 
.7 


15626. 

14»46. 

14323.6 

13751.0 

13222 

12732 

12277, 

11854.3 

11459.2 

11089.6 
10743.0 
10417.5 
10111.1 
9822.18 
9549.34 
9291.29 
9046.75 
8814.78 
8594.42 

8384.80 
8185.16 
7994.81 
7813.11 
7639.49 
7473.42 
7314.41 
7162.03 
7015.87 
6875.55 

6740.74 
6611.12 
6486.38 
6366.26 
6250.51 
6138.90 
6031.20 
5927.22 
5826.76 
5799.65 


Loga- 

Tan. 

Mid. 

rithm. 

Off. 

Ord. 

log.  R. 

t. 

m. 

Infinite 

.000 

.000 

5  536274 

.015 

.001 

5.235244 

.029 

.007 

5.059153 

.044 

.011 

4.934214 

.058 

.015 

.837304 

.073 

.0!« 

.758123 

.087 

.022 

.691176 

.102 

.025 

.633184 

.116 

.029 

.582031 

.131 

.033 

4.586274 

.145 

.036 

4.494881 

.160 

.040 

.457098 

.175 

.044 

.422331 

.189 

.047 

.390146 

.204 

.051 

.360183 

.218 

.065 

.832154 

.233 

.658 

.305825 

.247 

.062 

.281002 

.262 

.065 

.257521 

.276 

.069 

4.235244 

.291 

.073 

4.214055 

.305 

.076 

.193852 

.320 

.080 

.174547 

.835 

.084 

.156064 

.349 

.087 

.138335 

.364 

.091 

.121802 

.378 

.095 

.104911 

.393 

.098 

.089117 

.407 

.102 

.078877 

.422 

.105 

4.059154 

.436 

.109 

4.044914 

.451 

.113 

.031125 

.465 

.116 

.017762 

.480 

.120 

4.004797 

.495 

.124 

3.99$t206 

.509 

.127 

.979978 

.524 

.131 

.968074 

.538 

.135 

.956493 

.553 

.138 

.945212 

.567 

.142 

3.934216 

.682 

.145 

3.923493 

.596 

.149 

.913027 

.611 

.153 

.902808 

.625 

.156 

.892824 

.640 

.160 

.883065 

.654 

.164 

.873519 

.669 

167 

.864179 

.684 

.171 

.855036 

.098 

.174 

.846082 

.713 

.178 

3.837306 

.727 

.182 

8.828706 

.742 

.185 

.820275 

.756 

.189 

.812002 

.771 

.198 

.808885 

.785 

.196 

.795916 

.800 

.200 

.788091 

.814 

.204 

.780404 

.829 

.207 

.772851 

.844 

.211 

.765427 

.858 

.215 

3.758128 

.873 

.218 

Deg. 

RadhiA. 

Loga- 
rithm. 

Tang.  Mid. 
Off.   Ord. 

J>. 

B. 

log.  R. 

t. 

m. 

.  i   - 

L°  (y 

5729.65 

3.758128 

.673 

.218 

1 

5635.72 

.760950 

.867 

.222 

2 

5644.83 

.743886 

.902 

.225 

3 

5466.82 

.736939 

.916 

229 

4 

6371.66 

.780100 

.931 

.238 

5 

6288.92 

.723367 

.945   . 

236 

6 

6208.79 

.716737 

.960   . 

240 

7 

5131.05 

.710206 

.974   . 

244 

8 

6056.69 

.703772 

.989   . 

247 

9 

4982.83 

.697432 

1.004   . 

251 

10 

4911.15 

3.691183 

1.018   . 

266 

11 

4841.98 

3.686023 

1.033   . 

268 

12 

4774.74 

.678949 

1.047   . 

262 

13 

4709.83 

.672969 

1.062   . 

265 

14 

4645.69 

.667051 

1.076   , 

269 

15 

4583.75 

.661221 

1.091   . 

273 

16 

4528.44 

.655469 

1.105   . 

276 

17 

4464.70 

.649792 

1.120   . 

280 

18 

4407.46 

.644189 

1.134   . 

284 

19 

4351.67 

.636656 

1.149   . 

287 

20 

4297.28 

3.633194 

1.164   . 

291 

21 

4244.23 

3.627r99 

1.178  . 

296 

22 

4192.47 

.622470 

1.193   . 

296 

23 

4141.96 

.617206 

1.207 

802 

24 

4092.66 

.612005 

1.222 

305 

25 

4044.61 

.606866 

1.236 

309 

26 

3997.49 

.601787 

1.261 

313 

27 

3951.64 

.696766 

1.265 

316 

28 

3906.64 

.691803 

1.280 

320 

29 

3862.74 

.686>*d6 

1.294 

.324 

30 

8819.83 

3.582044 

1.309 

.327 

31 

3777.85 

3.677245 

1.324 

331 

32 

3736.79 

.572499 

1.338 

as5 

33 

3696.61 

.567804 

1.353 

336 

34 

3657.29 

.563160 

1.367 

342 

35 

3618.80 

.566564 

1.362 

345 

36 

3581.10 

.664017 

1.396 

349 

37 

3544.19 

.549617 

1.411 

363 

88 

3506.02 

.546063 

1.425 

366 

39 

3472.69 

.540664 

1.440 

.360 

40 

3437.87 

3.636289 

1.454 

.364 

41 

3403.83 

3.531968 

1.469 

.867 

42 

3370.46 

.527690 

1.483 

371 

43 

3337.74 

.523463 

1.498 

.375 

44 

3305.65 

.619267 

1.613 

.378 

45 

3274.17 

.616101 

1.527 

.382 

46 

3243.29 

.610965 

1.542 

.365 

47 

3212.98 

.606906 

1.556 

.369 

48 

3183.23 

.502866 

1.671 

.393 

49 

3154.03 

.496866 

1.685 

.396 

50 

3126.36 

3.494900 

1.600 

.400 

51 

8097.20 

3.490970 

1.614 

.404 

62 

3069.65 

.487076 

1.629 

.407 

53 

3042.39 

.483216 

1.643 

.411 

54 

3015.71 

.479369 

1.658 

.414 

55 

2989.48 

.475596 

1.673 

.416 

56 

2983.71 

.471836 

1.687 

.422 

67 

2938.89 

.468109 

1.702 

.426 

68  ;  2918.49 

.464413 

1.716 

.429 

59 

2889.01 

.460749 

1.731 

•4H 

60 

2864.98 

3.457116 

1.745 

280 


TABLE  IV.— RADII,  LOGARITHMS,  OFFSETS,  ETC. 


Radius. 


S864.DS 

8841. es 

2817.97 
2795.06 
2^72.53 
2750.85 
2728.52 
2707.04 
2685.89 
2665.08 
2644.58 

2624.89 

2604.61 
2584.93 
2565.65 
2546.64 
2527.92 
2509.47 
2491.29 
247$.^ 
2456.70 

2438.29 
2421.12 

2404.19 
2387.50 
2871.04 
2854.80 
2388.78 
2822.98 
2807.89 
2292.01 

2276.84 
2261.86 
2247.08 
2282.49 
2218.09 
2203.87 
2189.84 
2175.98 
2162.80 
2148.79 

21J35.44 
2122.26 
2109.24 
2096.39 
2088.68 
2071.13 
2a58.73 
2046. 48 
2a^.87 
2022.41 

2010.59 
1996.90 
1987.35 
1975.93 
1964.64 
1953.48 
J942.44 
1931.53 
1990.75 
1910.08 


Loga- 
rithm. 

log.  B. 


3.467115 
.453511 
.449937 
.446392 
.442876 
.439888 
.436928 
.432495 
.429069 
.425710 

8  422356 

3.4f90e9 
.415727 
.412449 
.409197 
.405968 
.402^/63 
.899582 
.8964»4 
.898289 

8  890176 

8.8870a5 
.884016 
.880969 
.877943 
.374988 
.871954 
.868990 
.866046 
.8(J3122 

8.360217 

3.a57382 
.8M466 
.851618 
.848789 
.845979 
.843187 
.840412 
.387655 
..334916 

3.332193 

3.329488 
.326799 
.324127 
.321471 
.318832 
.31(i208 

.zvmo 

,311008 

.308431 

3.8a-)869 

3.303323 
.800791 
.298274 
.295771 
.293283 
.290809 
.288;i49 
.2a5Q02 
.283470 

8.281051 


rang. 

Off; 


t. 


1.745 


1.760 
1.774 
1.789 
1.803 
1.818 
1.832 
1.847 
1.862 
1.876 
1.891 


1.905 
1.920 
1.934 
1.949 
1.963 
1.978 
1.992 
2.007 
2.022 
2.086 

2.051 
2.065 
2.080 
2.094 
2.109 
2.123 
2.188 
2.152 
167 
181 


2. 
2. 


2.196 
2.211 
2.225 
2.240 
2.254 
2.269 
2.283 
2.298 
2.312 


2.327 

2.341 
2.3m 
2  371 
2.8a5 
2.400 
2.414 
2.429 
443 
458 


2 
»> 

2. 


472 


2.487 
2.501 
2.516 
2.530 
2.545 
2.5(50 
2.574 
2..'>89 

2jm 

2.018 


Mid. 
Ord. 

m 

.436 
.440 
.444 
.447 
.451 
.454 
.468 
.462 
.466 
.469 
.473 

.476 
.480 
.484 
.487 
.491 
.494 
.498 
.502 
.505 
.509 

.518 
.516 
.520 
.524 
.527 
.531 
.584 
.538 
.542 
.545 

.549 
.553 
.556 
.560 
..564 
..567 
.571 
.574 
.578 
.582 

.585 
.589 
.593 
.596 
.600 
.604 
.607 
.611 
.614 
.618 

.622 
625 
.629 
.6;i3 
.6:^6 
.640 
.644 
.647 
.6.51 
.654 


Peg. 

Badius, 

Loga- 
rithm. 

'"§^- 

D. 

B. 

log.  B. 

t. 

8°  0' 

1910.08 

8.261051 

2.618 

1 

1899.68 

.278646 

2.632 

2 

1889.09 

.276268 

2.647 

3 

1878.77 

.273874 

2.661 

4 

1868.56 

.271508 

2.676 

5 

1858.47 

.269165 

2.690 

6 

1848.48 

.266814 

».705 

7 

1838.59 

.264486 

2.719 

8 

1828.82 

.262170 

2.734 

9 

1819.14 

.269867 

2.749 

10 

1809.57 

8.257578 

2.768 

11 

1800.10 

8.265296 

2.778 

12 

1790.73 

.263029 

2.792 

13 

1781.46 

.260774 

2.807 

14 

1772.27 

.248530 

2  821 

15 

1763.18 

.246297 

2.880 

16 

1754.19 

.»44077 

2.850 

17 

1745.26 

.241867 

2.865 

18 

1736.48 

.239669 

2.879 

19 

1727  75 

.237481 

2.894 

20 

1719.12 

3.285805 

2.90$ 

21 

1710.66 

3.288140 

2.d2S 

22 

1702.10 

.230965 

2.938 

-     23 

1693.72 

.228841 

2.952 

'     24 

1685.42 

.226707 

2.967 

25 

1677.20 

•  (W^rxcJOrt 

2.981 

26 

1669.06 

.222478 

2.996 

27 

1661.00 

.220869 

3.010 

28 

1653.01 

.21827Y 

8.025 

29 

1645.11 

,216195 

8.039 

30 

1637.28 

3.214123 

3.054 

81 

1629.52 

8.212000 

3.068 

82 

1621.84 

.210007 

3.083 

83 

1614.22 

.207964 

3.097 

84 

1606.68 

.206980 

3.112 

,S5 

1599.21 

.203906 

8.127 

86 

1591.81 

.201898 

3.141 

37 

1584.48 

.199886 

3.156 

88 

1577.21 

.197890 

8.170 

89 

1570.01 

.195903 

8.185 

40 

1562.88 

8.198925 

8.199 

41 

1555.81 

8.191956 

3.214 

42 

1548.80 

.189996 

3-^8 

43 

1541.86 

.188045 

3.:^ 

44 

15*4.  {W 

.186108 

8.L57 

45 

1528.16 

.1H4169 

S.272 

46 

1521.40 

.182244 

3.286 

47 

1514.70 

.180827 

8.801 

48 

1508.06 

.178419 

8.316 

49 

1501.48 

.176519 

3.330 

50 

14*4.95 

8.174627 

8.»45 

51 

1488.48 

8.172744 

S.S50 

52 

1482.07 

.170868 

8.874 

53 

1475.71, 

.169001 

3.888 

54 

1469.41 

.167142 

3.403 

55 

1463.16 

.165291 

3.417 

56 

1456.96 

.168447 

8.4^ 

57 

1450.81 

.161612 

8.446 

58 

1444.72 

.159784 

8.461 

59 

1488.68 

.157968 

3.475 

1        00 

1432.69 

8.156151 

8.490 

Mid. 
Ori 

ui. 


.654 

.668 

665 


.673 
.678 
.680 
.684 
.687 


.694 
.698 
.702 
.706 
.709 
.713 
.716 
.720 
.72S 
.7^ 

.731 
.734 
.738 
.742 
.745 
.749 
.753 
.756 
.760 
.768 

.767 
.TTl 
.774 

.r» 

.7® 

.785 


.793 
.796 
.800 

808 

.807 

.sn 

.814 
818 

.86 
.829 
.832 
.886 

.840 
.848 

.847 
.851 
.8:>4 
.«« 

.m 

.865 


281 


TABLE  IV.— RADH,  LOGARTritsrar,  OFFSETS,  ETC. 


I>eg. 

Radius. 

Loga- 
xitiuu. 

Tang. 
Off: 

I>. 

B. 

log.  B. 

t. 

4°    C 

1482.60 

3.156151 

8.490 

1 

1426.74      .154846 

3.506 

2 

1420.86  ^  .152548 

3.519 

8 

1415.01 

.150758 

3.634 

4 

1409.21 

.148975 

8.548 

6 

1403.46 

.147200 

3.563 

6 

1897.76 

.145431 

8.577 

7 

1892.10 

.143670 

8.592 

8 

1366.49 

.141916 

8?606 

0 

1380.92 

.140170 

3.621 

10 

1875.40 

3.138430 

8.635 

11 

1869.92 

8.186697 

8.650 

13 

1864.49 

.184971 

8.664 

18 

1359,10 

-183251 

8.679 

14 

1363.76 

.181539 

8.693 

16 

1848.45 

.129838 

3.708 

16 

1343.15 

.128134 

3.723 

17 

1337,65 

.126442 

3.736 

18 

1332.77 

.124756 

8.752 

10 

1327.63 

.123077 

8.766 

20 

1822.58 

8.121404 

8.781 

21 

1817.46 

8.119738 

8.795 

22 

1312.48 

.118078 

3.810 

28 

1307.45 

.116424 

3.824 

24 

1302.50 

. 114777 

3.889 

2d 

1297.58 

.113136 

3.853 

26 

1292.71 

.111501 

3.868 

27 

1287.87 

.109872 

3.882 

28 

1288.07 

.108249 

3.897 

29 

1278.30 

.106632 

3.911 

80 

1273.57 

3.106022 

8.926 

81 

1288.87 

3.108417 

3.941 

82 

1264.21 

.101818 

3.966 

88 

1259.58 

.100225 

3.970 

84 

1254.98 

.098638 

8.984 

85 

lj^.42 

.097057 

8.999 

86 

1^.89 

.095481 

4.013 

87 

1241.40 

.098912 

4.028 

88 

1236.94 

.092347 

4.042 

% 

1282.51 

.090789 

4.057 

1228.11 

8.089286 

4.071 

41 

1223.74 

3.087689 

4.066 

42 

1219.40 

.086147 

4.100 

48 

1215.30 

.084610 

4.115 

44 

1210.82 

.083079 

4.129 

45 

1206.57 

.081553 

4.144 

46 

1202.36 

.080038 

4.159 

47 

1198.17 

.078518 

4.173 

48 

1194.01 

.077008 

4.188 

49 

1189.88 

.075504 

4.202 

60 

1185.78 

3.074006 

4.217 

51 

1181.71 

8.072511 

4.231 

52 

1177.66 

.071022 

4.246 

58 

1173.65 

.069538 

4.260 

54 

1169.66 

.068059 

4.275 

55 

1165.70 

.066585 

4.289 

1? 

1161. 7C 

.065116 

4.304 

1157.85 

,068668 

4.818 

58 

1168.97 

.062194 

4  888 

59 

1160.11 

.060740 

4.847 

60 

1146.28 

8.069290 

4.862 

Mid. 
Ord. 


Deg. 


mg|[ 


]>i 


1.058 
1.062 
1,065 
1.069 
1.073 
1.076 
1.080 
1.088 
1.088 
1.091 


6' 


0' 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
28 
24 
25 
26 
27 
28 
29 
30 

31 
32 
38 
34 
35 
36 
37 
38 
39 
40 

41 
42 
48 

44 
45 
46 
47 
48 
49 
50 

51 

52 

58 

54 

55' 

56 

57 

68 

59 

60 


Radius. 
B. 


1071.34 
1068.01 
1064.71 
1061.43 
1058.16 
1054.92 
1051.70 
1048.48 
1045.31 
1042.14 


1039.00 
1035.87 
1032.76 
1029.67 
1026.60 
1023.55 
1020.51 
1017.49 
1014.50 
1011.51 

1008.55 
1005.60 
1002.67 
999.762 
996.867 
993.988 
991.126 
988.280 
985.451 
982.638 

979.840 

977.060- 

974.294 

971.544 

968.810 

966.091 

963.887 

960.696 

958.026 

956.866 


1146.28 
1142.47 
1138.69 
1134.94 
1131.21 

mv.so 

1123.82 
1120.16 
1116.52 
1112.91 
1109.33 

1105.76 
1102.22 
1098.70 
1095.20 
1091.73 
1068.28 
1084.85 
1061.44 
1078.06 
1074.68 


Loga- 

Tang. 

rithm. 

Off. 

log.B. 

t. 

3.059290 

4.862 

.057846 

4.376 

,056407 

4.391 

.054972 

4.405 

.053542 

4.420 

.052116 

4.435 

.050696 

4.449 

.049280 

4.464 

.047868 

4.478 

.046462 

4.493 

3.045059 

4.507 

3.043662 

4.522 

.042268 

4.536 

.040880 

4.551 

.039495 

4.565 

.038115 

4.580 

.036740 

4.594 

.035368 

4.609 

.034002 

4.623 

.032639 

4.638 

3.031281 

4.653 

3.029927 

4.667 

.028577 

4.682 

.127231 

4.696 

.025890 

4.711 

.024552 

4.725 

.023219 

4.740 

.021890 

4.754 

.020565 

4.769 

.019244 

4.7"83 

8.017927 

4.798 

3.016814 

4.812 

.015305 

4.827 

.013999 

4.841 

.0J2698 

4.856 

.011401 

4.870 

.010107 

4.885 

.008818 

4.900 

.007'532 

4.914 

.006250 

4.929 

3.004972 

4.943 

3.003698 

4.958 

.002427 

4.972 

3.001160 

4.987 

2.999897 

5.001 

.998637 

5.016 

.997381 

5.030 

.996129 

5.045 

.994880 

5.059 

.993635 

5.074 

2.992393 

5.088 

2.991155 

5.108 

.989921 

5.117 

.988690 

5.132 

.987463 

5.146 

.986238 

5.161 

.985018 

5.175 

.968801 

5.190 

.962587 

5.205 

.981877 

6.219 

2.980170 

5.284 

282. 


TABLE  IV.— RADn,  LOGARITHMS,  OFFSETS,  ETC. 


Radius. 


955.366 
952.722 
950.093 
947.478 
944.877 
942.291 
939.719 
937.161 
934.616 
932.086 
929.569 

927.066 
924.576 
922.100 
919.637 
917.187 
914.750 
912.326 
909.915 
907.517 
905.131 

902.758 
900.897 
898.048 
895.712 
893.388 
891.076 
888.776 
886.488 
884.211 
881.946 

879.693 
877.451 
875.221 
873.002 
870.795 
868.598 
866.412 
864.238 
862.075 
859.922 

857.780 
855.648 
853.527 
851.417 
849.317 
847.228 
845.148 
843.080 
841.021 
838.972 

836.983 
834.904 
832.885 
830.876 
828.876 
826.886 
S24.905 
822.934 
820  973 
819.020 


Loga- 
ritmn. 

log.  B. 


Tang. 
Off. 

t. 


Mid. 
Ord. 

m. 


2.980170 
.978966 
.977766 
.976569 
.975375 
.974185 
.972998 
.971814 
.970683 
.969456 

2.968282 

2.967111 
.965943 
.964778 
.963616 
.962458 
.961303 
.960150 
.959001 
.957855 

2.966711 

2.955571 
.954434 
.953800 
.952168 
.951040 
.949915 
.948792 
.947673 
.946556 

2.945442 

2.944331 
.943223 
.942118 
.941015 
.939916 
.938819 
.937725 
.936633 
.935646 

2.934459 

2.983376 
.932295 
.931218 
.930142 
.929070 
.928000 
.926933 
.925869 
.924807 

2.923747 

2.922691 
.921637 
.920585 
.919536 
.918489 
.917446 
.916404 
.915865 
.914329 

2.918295 


5.284 
5.248 
5.268 
5.277 
5.292 
5.306 
5.321 
5.335 
5.350 
5.364 
5.379 

5.393 
5.408 
5.422 
5.437 
5.451 
5.466 
5.480 
5.495 
5.510 
5.524 

6.589 
6.653 
6.668 
6.682 
6.69? 
6.611 
6.626 
6.640 
6.656 
6.669 

5.684 
5.698 
5.713 
5.727 
6.742 
6.756 
5.771 
6.786 
5.800 
6.814 

5.829 
5.844 
5.858 
5.873 
5.887 
6.902 
6.916 
5.931 
6.945 
6.960 

5.974 
6.989 
6.003 
6.018 
6.032 
6.047 
6.061 
6.076 
6.090 
6.105 


.309 
.318 
.817 
.820 
.324 
.327 
.331 
.336 
.338 
.342 
.346 

.349 
.358 
.356 
.360 
.364 
.368 
.371 
.375 
.378 
.382 

.386 
.389 
.398 
.397 
.400 
.404 
.407 
.411 
.415 
.418 

.422 

.426 
.429 
.433 
.437 
.440 
.444 
.447 
.451 
.465 

.458 
.462 
.466 
.469 
.473 
.476 
.480 
.484 
.487 
,491 

.495 
,498 
,502 
,505 
510 
513 
517 
520 
524 
528 


Beg. 

Radius.  ^ 

Loga- 
rithm. 

Tang. 
Off 

Mid. 
Ord, 

i»- 

K.    I 

og.B. 

t. 

m. 

7«  0' 

819.020  2 

913295 

6.105 

1.528 

1 

817.077 

912263 

6.119 

1.531 

2 

815.144 

.911234 

6.184 

1.535 

8 

813.238 

.910208 

0.148 

1.589 

4 

811.303 

.909188 

6.163 

1.548 

5 

809.397 

.906162 

6.177 

1.546 

6 

807.499 

.907142 

6.192 

1.550 

7 

805.611 

.906125 

6.206 

1.558 

8 

808.731 

.905111 

6.221 

1.567 

0 

801.860 

.904098 

6.236 

1.561 

10 

799.997  2 

.903069 

6.250 

1.564 

•   11 

798.144  2 

.902081 

6.265 

1.568 

12 

796.299 

.901076 

6.279 

1.572 

18 

794.462 

.900073 

6.294 

1.6Y5 

14 

792.634 

.899078 

6.308 

1.579 

15 

790.814 

.896074 

6.828 

1.682 

16 

789.003 

..^97078 

6.887 

1.686 

17 

787.210 

.896066 

6.35S 

1.590 

18 

785.405 

.805094 

6.866 

1.698 

19 

783.618 

.894105 

6.881 

1.597 

20 

781.840  2 

.898118 

6.896 

1.600 

21 

780.069  2 

.892188 

6.410 

1.604 

22 

778.807 

.891151 

6.4^ 

1.606 

23 

776.552 

.890171 

6.439 

1.611 

24 

774.806 

.889198 

6.468 

1.615 

25 

773.067 

.888217 

6.468 

1.619 

26 

771.386 

.887244 

6.482 

1.623 

27 

769.618 

.886272 

6.497 

1.626 

28 

767.897. 

.885308 

6.511 

1.630 

29 

766.190 

.884886 

6.526 

1.683 

80 

764.489  2 

.888871 

6.540 

1.637 

31 

762.797  2 

.862409 

6.565 

1.641 

32 

761.112 

.881448 

6.669 

1.6U 

83 

759.434 

.880490 

6.684 

1.648 

34 

757.764 

.879534 

6.696 

1.651 

85 

756.101 

.878580 

6.618 

1.656 

36 

764.446 

.877627 

6.6JW 

1.669 

87 

752.796 

.878678 

6.642 

1.668 

88 

751.165 

.875780 

6.656 

1.666 

39 

749.621 

.874784 

6.671 

1.670 

40 

747.894  2 

.878840 

6.685 

1.678 

41 

746.274  2 

.872898 

6.700 

1.677 

42 

744.661 

.871959 

6.714 

1.680 

43 

743.055 

.871021 

6.72» 

1.684 

44 

741.456 

870086 

6.748 

1.668 

46 

739.864 

869162 

6.758 

1.601 

46 

788.279 

868221 

6.778 

1.606 

47 

736.701 

867291 

6.787 

1.000 

48 

785.129 

866368 

6.808 

1.702 

49 

733.564 

865438 

6.816 

1.706 

50 

732.006  2 

864514 

6.881 

1.710 

51 

730.454  2 

868598 

6.845 

1.718 

52 

728.909 

862678 

6.860 

1.717 

53 

727.370   . 

861755 

6.874 

1.720 

M 

726.838   . 

860640 

6.889 

1.724 

55 

724.312   . 

859926 

6.906 

1.728 

56 

722.798   . 

859014 

6.918 

1.781 

57 

721.280   . 

858104 

6.988 

1.786 

58 

719.774   . 

857196 

6.947 

1.780 

69 

718.278  . 

856290 

6.961 

1.748 

60 

716.779  2. 

866885 

6.976 

1.740 

•^Irm 
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TABLE  IV.— RADH,  LOGARITHMS,  OFFSETS,  ETC. 


Deg. 


8« 


1 

2 

8 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
28 
24 
25 
26 
27 
28 
29 
80 

81 
82 
83 
84 
85 
86 
87 
88 
39 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

61 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Radius. 
B. 


716.779 
715.291 
713.810 
712.885 
710.865 
709.402 
707.945 
706.493 
705.048 
703.609 
702.175 

700.748 
699.326 
697.910 
696.499 
695.095 
693.696 
692.302 
690.914 
689.532 
688.156 

686.785 
685.419 
684.059 
682.704 
681.354 
680.010 
678.671 
6'rr.338 
676.008 
674.686 

673.369 
672.056 
670.748 
669.446 
668.148 
666.856 
665.568 
664.286 
663.008 
661.736 

660.468 
659.205 
657.947 
656.694 
666.446 
654.202 
662.968 
651.  T29 
650.499 
649.274 

648.054 
646.838 
645.627 
644.420 
643.218 
642.021 
640.828 
689.689 
638.455 
637.275 


Loga- 
rithm. 

Tang. 
Off. 

r 

Mid. 
Ord. 

Deg. 

log. ». 

t. 

m. 

B. 

2.&'>.5385 

6.976 

1.746 

9*  O' 

.851483 

6.990 

1.749 

1 

.853583 

7.005 

1.753  , 

2 

.85,2684 

7.019 

1.756 

3 

.851787 

7.084 

1.761 

4 

.850892 

7.048 

1.764  i 

5 

.849999 

7.063 

1.768 

6 

.849108 

7.077 

1.771  1 

7 

.848219 

7.092 

1.775 

8 

.847331 

7.106 

1.7r8 

9 

2.846445 

7.121 

1.782  1 

10 

2.845562 

7.185 

1.786 

11 

.844679 

7.150 

1.790 

12 

.843799 

7.164 

2.793 

13 

.842921 

7.179 

1.797  1 

14 

.842044 

7.193 

1.801 

15 

.841169 

7.208 

1.804  1 

16 

.840296 

7.222 

1.807 

17 

.839124 

7.237 

1.811 

18 

.«88565 

7.251 

1.815 

19 

2.837687 

7.266 

1.819 

20 

2.836821 

7.280 

1.822 

21 

.885956 

7.295 

1.826 

22 

.835098 

7.309 

1.829 

23 

.884282 

7.324 

1.883 

24 

.883373 

7.888 

1.837 

25 

.832515 

7.853 

1.840 

26 

.881660 

7.867 

1.844 

27 

.880805 

7.382 

1.848 

28 

.829958 

7.396 

1.861 

29 

2.829102 

7.411 

1.856 

80 

2.828253 

7.425 

1.858 

81 

.827405 

7.440 

1.862 

32 

.826660 

7.454 

1.866 

33 

.825715 

7.469 

1.869 

84 

.824873 

7.488 

1.873 

35 

.824032 

7.598 

1.877 

36 

.823193 

7.512 

1.880 

87 

.822855 

7.527 

1.884 

88 

.821519 

7.541 

1.887 

89 

2.82U686 

7.556 

1.892 

.40 

2.819852 

7.570 

1.895 

41 

.819021 

7.585 

1.899 

42 

.818191 

7.599 

1.903 

43 

.817363 

7.614 

1.906 

44 

.816537 

7.628 

1.910 

45 

.815712 

7.643 

1.914 

46 

.814889 

7.657 

1.918 

47 

.814067 

7.67^ 

1.921 

48 

.813247 

7.686 

1.924 

49 

2.812428 

7.701 

1.928 

50 

2.811611 

7.715 

1.982 

61 

.810796 

7.730 

1.985 

62 

.809982 

7.744 

1.989 

53 

.809169 

7.759 

1.943 

54 

.808858 

7.773 

1.946 

55 

.807549 

7.788 

1.950 

66 

.806741 

7.802 

1.953 

57 

.805985 

7.817 

1.957 

58 

.806130 

7.831 

1.961 

59 

2.804827 

7.846 

1.965 

60 

Radius. 

Loga- 
rithm. 

B. 

log.B. 

637.275 

2.804327 

636.099 

.803525 

634.928 

.802724 

633.761 

.801926 

632.599 

.801128 

681.440 

.800332 

630.286 

.799538 

629.186 

.798745 

627.991 

.797958 

626.849 

.797163 

625.712 

2.796374 

624.579 

2.795587 

623.450 

.794801 

6!^. 325 

.794017 

621.208 

.793234 

620.087 

.792453 

618.974 

.791673 

617.865 

.790894 

616.760 

.790117 

615.660 

.789341 

614.663 

2.788566 

613.470 

2.787798 

612.380 

.  .787021 

611.295 

.786251 

610.214 

.785482 

609.136 

.784714 

608.062 

.788948 

606.992 

.788183 

605.926 

.782420 

604.864 

.781657 

608.805 

2.780897 

602.750 

2.780137 

601.698 

.779379 

600.651 

.778622 

599.607 

.777867 

598.567 

.777112 

597.530 

.776360 

596.497 

.775608 

596.467 

.774858 

694.441 

.774109 

593.419 

2.778861 

592.400 

2.772615 

691.884 

.771870 

590.372 

.771126 

589.364 

.770383 

688.359 

.769642 

687.357 

.768902 

686.359 

.768164 

585.364 

.767426 

684.878 

.766690 

583.385 

2.765955 

582.400 

2.765221 

581.419 

.764489 

580.441 

.763758 

579.466 

.763028 

578.494 

.762299 

577.526 

.761572 

576.561 

.760845 

575.. 599 

.760120 

574.  &41 

.759897 

573.686 

2.758674 

Tang. 
Off. 

t. 


.846 
.860 
.875 
.oo9 
.904 
.918 
.938 
.947 
.962 
7  976 
7.991 


7. 

7. 
7. 
7. 
7. 
7. 
7. 
7. 
7. 


8.005 
8.020 
8.034 
8.049 
8.063 
8.078 
8.092 
8.107 
8.121 
8.136 


8. 
8. 
8. 
8. 


150 
165 
179 
194 
8.208 
8.223 
8.287 
8.252 
8.266 
8.281 

8.295 
8.810 
8.324 
8.839 
8.353 
8.368 
8.382 
8.397 
8.411 
8.426 

8.440 
8.455 
8.469 
8.484 
8.498 
8.513 
8.527 
8.542 
8.556 
8.5n 

8.585 
8.600 
8.614 
8.629 
8.643 
8.658 
8.672 
8.687 
8.701 
8.716 
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TABI^  IV.-JUDIX,  LOG^RTTHMQ,  OFFSETS,  BTO, 


Deg, 

BadiuR. 

Loga- 

Tang. 
Off. 

Mid. 
Ord. 

1 
Deg. 

Badius. 

L«oga- 
ritl^m. 

Tang. 
Off. 

Mid. 
Old. 

D, 

B. 

log.  n* 

t. 

2.188 

B. 

B. 

iQg.B. 

t. 

m- 

10«0' 

578.686 

2.768674 

8.716 

12°  0' 

478.839 

2.679735 

10.453 

2.680 

2 

571.7*4 

.757232 

8.745 

2.190 

2 

477.018 

.678535 

10.488 

2.G28 

4 

569.896 

.755796 

8.774 

8.198 

4 

475.705 

.67738^ 

10.5U 

2.635 

8 

568.020 

.754:364 

8.803 

2.205 

6 

474.400 

.676145 

10.540 

2.642 

8 

566.156 

.752937 

8.831 

2.212 

!           8 

473.102 

.6749M 

10.66© 

2.650 

10 

564.805 

.751514 

8.860 

2.219 

i        10 

471.810 

.678767 

1C.597 

2.657 

12 

562.466 

.750096 

8.889 

2.227 

!         12 

470.. 526 

.678584 

10.636  1  2.664 

14 

560.638 

.748683 

8.918 

2.284 

14 

469.249 

.671403 

10.655 

2.671 

16 

558.8!^ 

.747274 

8.947 

2.241 

16 

467,978 

.67022(> 

10.684 

2.679 

18 

557.019 

2.745870 

8.976 

2.234 

18 

466.715 

2.669063 

10.713 

2.686 

20 

555.227 

2.744471 

9.005 

2.256 

20 

465.469 

8.667881 

10.742 

2.693 

22  '  653.447 

.743076 

9.084 

2.263 

22 

4W.209 

.  666*;  13 

10.771 

2.7101 

24     551.678 

.741686 

9.U63 

2.270 

'        J4 

462.  {H)6 

.665.549 

10. too 

2.706 

86  1  549.920 

.740300 

9.092 

2.278 

1        26 

461.729 

.664387 

10. e^ 

,  2.715 

28  1  548.174 

.738918 

!>.121 

2.285 

28 

460.500 

.663229 

10.868 

2.722 

80     546.438 

.737541 

9.150 

2.293 

80 

459.276 

.662074 

10.887 

2.730 

32 

544.714 

.736169 

9.179 

2.300 

82 

458.060 

.660922 

10.916 

2.737 

84 

543.001 

.784800 

9.208 

2.307 

84 

456.860 

.659773 

10.  W5 

2.744 

36 

541.298 

.738436 

9.237 

2.314 

86 

455. (>46 

.658(i!t8 

10.97^3 

2752 

88 

539.606 

2.732077 

9.266 

2.321 

'        88 

4&4.449 

2.657485 

11.003 

2.759 

40 

537.924 

2.730721 

9.295 

2.329 

i        40 

453.269 

8.656845 

11.081 

2.766 

42 

536.253 

.729370 

9.824 

2.336 

42 

462.073 

.656808 

11.060 

2.774 

44 

584.593 

.728023 

9.863 

2.^43 

44 

460.864 

.654075 

11.089 

8.781 

46 

532.943 

.726681 

9.882 

2.351 

46 

449  7T22 
448.5^6 

.6521W4 

11.118 

2.788 

48 

531.30Ji 

.725343 

9.411 

2.358 

48 

.651816 

11.147 

2.795 

50 

529.673 

.?24008 

9.440 

2.365 

'60 

447.305 

.650691 

11.176 

2.m 

52 

528.053 

.722677 

9.469 

2.3?^ 

62 

446.^41 
445.003 

.649570 

11.205 

2.  MO 

54 

526.443 

.72ia51 

9.498 

2.S80 

64 

.648451 

11.284 

2.817 

56 

524.843 

.720029 

9.527 

2.387 
2.394 

66 

448.951 

.647386 

11.^3 

2.825 

58  !  523.252 

2.718711 

9.556 

68 

443.814 

8.64622} 

11.2^1 

2.832 

11<»0'    521.671 

2.717397 

9.585 

2.402 

18°  0' 

441.684 

3.645111 

11.320 

2.839 

2  '  520.100 

.716087 

9.614 

2.409 

2 

440.559 

.644004 

11.849 
11.378 

2.846 

4 

518.539 

.714781 

9.642 

2.416  , 

4 

439.440 

.642899 

2.^54 

6 

516.986 

.713479  i  9.671 

2  423 

6 

438. 32C 

.641796 

11.407 

2.e61 

8 

515.443 

.712181  1  9.700 

2.431 

8 

437.819 

.640699 

11.436 

2.868 

10 

513.909 

.710887     9.729 

2.438 

10 

486.117 

.689603 

11.465 

2.876 

12 

512. 3H5 

709596      9  758 

2.445 

12 

435.020 

.688510 

11.4&4 

2.h83 

14 

510.869 

.708310  1  9  787 

2.453 

14 

433.929 

.687419 

11.523 

2.h90 

16 

509.  mi3 

.707027  !  9.816 

2.460 

16 

432.844 

.686381 

11.552 

2.^98 

18 

507.865 

2.705748 

9.845 

2.467 

18 

481.764 

2.686346 

11.580 

2.905 

20 

506.376 

2.704473 

9.874 

2.475 

80 

480  690 

2.684164 

11.609 

2.912 

22 

504.896 

.703202 

9.903 

2.482 

22 

429.620 

.638085 

11.6^38 

2.919 

24 

503.425 

.701i)34 

9.932 

2.489 

24 

428.557 

632008 

11.667 

2.927 

26 

501.962 

700()71 

9.9(51 

2.496 

26 

427.498 

.630984 

11.6S6 

2.i»l 

28 

500.507 

.699410 

9.990 

2.504 

28 

426.445 

.629863 

11  726 

2.  Ml 

80 

499.061 

.698154  jlO.019 

2.511 

80 

425.396 

.6428794 

11. 7M 

2.919 

82 

497.624 

,    .696{K)1    10.048 

2.518  ' 

82 

424.:354 

.627728 

11.788 

2  956 

ai 

496.195 

.6a5()52  ,10.077 

2.526  1 

84 

423. 3J0 
422. *S3 

.626665 

11.812 

2.963  . 

86 

494.774 

'   .(194407    10.106 

2.533 

36 

.626604 

ll.&JO 

-'■SI!  i 

38  ,  493.361 

,2.6931(55    10.135 

2.540 

1 

38 

421.256 

2.6tM54^ 

11.869 

2.9nJ 

40  !  491.956 

2  691926  '10.1&4 

8.547 

40 

420.233 

3.688490 

11.898 

2.985 

42  1  490.559 

.6mm  ,10.192 

2.555 

1        42 

419  215 

.62:^^7 

11.&S7 

2.992 

44  1  489.171 

.6H9460    10.221 

2.562 

44 

418.203 

621 8H7 

ll.i»,56 

s.m 

46 

487. 71K) 

.(JH82;«    10.250 

2.569 

1        46 

417.1}»5 

.620388 

ll.fih6 

s.oin' 

48 

486  417 

.(587008    10  2:9 

2.577 

^la 

416  IJtt 

.61921W 

12.014 

3.U14 

60 

485  Ool 

.6857'8«    10.308 

2.5S4 

:o 

415  194 

.6182.51 

12.043 

^.m 

52 

488.694 

.684.-)70    10.  im 

2.591 

52 

414.201 

.617^211 

12.071 

3.ta 

M 

4R2.:i44 

.(5KW57    10.306 

2.598 

M 

413.212 

.61(5178 

18.1(^0 

3.0£a 

56 

481.001 

'    .()H21  J6    10  395 

2.606 

56 

412.229 

.615138 

12.120 

3.«M4 

58 

479.666 

1    .(580939    10.4524 

2.613 

;      58 

411.250 

.614106 

12.158 

3.(ri 

HO 

478.330 

2.6797;i>  il 0.453 

2.620  , 

!        60 

410.275 

2.618075 

12.187 

3.058 

^85 


TABLE  IV.— BADH,  LOGARITHMS,  OFFSETS,  ETC. 


Deg. 

B»dius. 

IiOga- 
rithm. 

Tan. 
Off. 

MlU 
Ord. 

1  r>eg. 

Radius. 

l^a- 
rithm. 

Tan. 
Off. 

5 

Mid. 

Ord. 

D. 

K. 

log.  B. 

t. 

in. 

D. 

B. 

log.  R. 

t. 

m. 

W»  (K 

410.275 

3.618075 

12.187 

3.068 

W»  0' 

359.865 

8.555415 

18.917 

8.496 

8 

409.806 

.612048 

12.216 

3.065 

8 

368.583 

.654517 

18.946 

8.504 

4 

408.841 

,611028 

12.245 

3.073 

4 

867.784 

.558681 

18.975 

8.511 

6 

407.380 

.610000 

12.874 

3.060 

6 

857.048 

.658787 

14.004 

8.516 

8 

406.484 

.608960 

12.302 

8.087 

8 

856.315 

.651634 

14.083 

8.586 

10 

405.473 

.607962 

18.381 

8.095 

10 

855.685 

.560944 

14.061 

8.533 

li^ 

404.586 

.606^46 

12.360 

3.108 

12 

854.859 

.Wn035 

14.090 

3.540 

14 

403.583 

.606938 

12.889 

3.109 

14 

354.185 

.549169 

14.119 

3.547 

la 

40^.645 

,604928 

12.418 

8.117 

16 

353.414 

.548264 

14.146 

8.565 

18 

401.712 

.608914 

12.447 

8.124 

18 

862.696 

.547401 

14.177 

8.568 

20 

400.782 

2.602908 

12.476 

3.131 

80 

851.981 

2.546319 

14.806 

8.569 

22 

399.857 

.601906 

12.604 

8.138 

82 

851.269 

.545640 

14.834 

8.577 

s^ 

388.937 

.600904 

12.533 

3.146 

84 

350.560 

.544768 

14.863 

3.584 

26 

398.020 

,59y905 
.598908 

12.562 

3.153 

86 

349.854 

.543687 

14.898 

8.591 

28 

307.108 

12.591 

3.160 

88 

349.150 

.543013 

14.380 

8.599 

30 

396.200 

.597914 

12.620 

3.168 

80 

848.450 

.648140 

14.^0 

8.606 

3$2 

^95.m 

.596922 

12.649 

3.175 

82 

a47.75S 

.541870 

14.8!m 

3.613 

34 

394.396 

.595938 

12.678 

8.182 

84 

847.067 

.540401 

14.407 

8.681 

36 

$93,501 

.594945 

12.706 

3.190 

86 

846.863 

.539535 

14.436 

8.626 

38 

m.m 

.593960 

12.735 

3.197 

88 

843.676 

.588670 

14.464 

8.635 

40 

391.722 

2.592978 

12.764 

8.204 

40 

844.990 'a.5a7ao6 

14.493 

3.643 

42 

890.838 

.691997 

12.793 

3.211 

48 

344.306 

.536945 

14.588 

8.650 

44 

880.059 

.591019 

12.822 

8.219 

44 

343.685 

.536085 

14.651 

3.657 

40 

889.084 

.590043 

12.K51 

3.226 

46 

842.947 

.5^227 

14.660 

8.664 

48 

388212 

.589069 

12.880 

3.233 

48 

848.871 

.534370 

14.606 

8.672 

50 

88r.345 

,588097 

12.906 

3.241 

50 

841.698 

.583510 

14.637 

3.679 

5^ 

888.481 

,587128 

12,937 

8.848 

68 

840.988 

.538663 

14.666 

3.666 

54 

385.681 

.586161 

12.966 

3.255 

64 

340.860 

.581811 

14.695 

3.694 

5fl 

884.765 

.589196 

12.995 

3.263 

56 

389.595 

.530962 

14.783 

3.701 

sa 

a83.$13 

.584238 

13.024 

8.270 

58 

338.933 

.530114 

14.768 

3.706 

1&«  Q 

888.065 

2.583272 

13.063 

8.877 

17»  0 

8SS.873  8.589868 

14.781 

8.716 

3 

m,mi 

.58;J314 

13.091 

8.884 

8 

887.616 

.588484 

14.810 

8.783 

4 

881.880 

.58ia58 

13.110 

3.292 

4 

386.968 

.6a75ai 

14.836 

3.730 

8 

880,543 

,580403 

13.139 

3.899 

6 

836.810 

.5aS740 

14.867 

8.738 

8 

879.709 

.679451 

13.168 

8.306 

8 

883.660 

.5IK9Q0 

14.896 

8.745 

IQ 

878,880 

,678501 

ia.J97 

3.314 

10 

883.013 

.586068 

14.985 

3.753 

12 

078.054 

.577553 

13.826 

3.331 

12 

334.869 

.&!M886 

14.964 

3.760 

14 

arr.831 

,678606    13.8341 

3. 928 

14 

833.787 

.683398 

14.968 

3.767 

le 

876.412 

.576664 

13.283 

3.336 

16 

883.088 

.stmsi^ 

15.011 

3.774 

18 

375.597 

.574722 

13.312 

3.343 

18 

882.451 

.381788 

16.040 

3.781 

20 

874.786 

^.678788 

13.341 

8.350 

80 

831.810 

8.680896 

15.009 

8.789 

2S 

878.977 

.572845 

13.870 

3.358 

88 

£31.184     .580070 

15.0S7 

3.796 

24 

878.173 

.571910 

13.899 

3.^65 

84 

380.555 

.519844 

15.186 

3.803 

28 

872.  ar2 

.570977 

13.427 

8.378 

86 

329.928 

.518419 

15.155 

3.811 

28 

9n.W4 

..570045 

13.466 

8.S79 

88 

829.303 

.517596 

15.1&4 

3.816 

30 

870.780 

.569116 

13.485 

8.387 

80 

388  689 

.516774 

15.812 

3.685 

39 

869.9^3 

.588189 

13.514 

3.394 

88 

388.061 

.515934 

15.841 

3.633 

34 

880.802 

.567?J54    ia.543 

3.401 

84 

387.443 

&]5ia6 

15 .820 

S.640 

38 

868.418 

.566310    ia.572 

3.409 

36 

386.888 

.314319 

15.«B 

8.64'< 

88 

36T.637 

.565419    13.600 

3.416 

88 

386.215 

.518601 

IS.SKT 

a.  855 

40 

866.859 

2.564500  '  1^.629 

8.483 

40 

325.604 

8.518690 

15.366 

8.662 

49 

866.085 

.563582 

ia.668 

8.431 

48 

384.990 

.511879 

15.366 

3.869 

44 

865.815 

.568867 

13.667 

8.438 

44 

384.390 

.511067 

15.414 

3.677 

46 

864.647 

.5ftl7.54 

ia.716 

8.445 

46 

883.7% 

.510258 

15.448 

8.684 

48 

803.788 

.568843 

ia.744 

3.«8 

48 

aga.184 

.509451 

15.4T1 

8.891 

(>a 

868.022 

.5e^938 

13.773 

3.460 

50 

382.685 

.506645 

15.500 

^.699 

58 

302.264 

.569026 

13.802 

3.467 

52 

381.989 

.507840 

15.580 

3.906 

1       54 

861.5(10 

.558120. 

13.881 

8.474 

64 

321.394 

.507037 

15.557 

8.913 

56 

860.768 

..557216 

13.860 

8.482 

56 

380.801 

.506238 

16.586 

a.i>80 

1       58 

I     ao 

880.040.    .550315 

13.889 

3.489 

58 

380.811 

.506436 

15.615 

&928 

869.205  8.565415 

13.917  13.496 

60    319.623 18.5046881 1&.643 

a  9)0 

286 


TABLE  m.— C7URVE  FORMULiE. 


aiVKN. 


4 


2 
8 
4 


6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

26 


D 

B 
A,  D 
D,  L 

A,  L 

B,  A 
(i 

it 

ft 

t( 

(i 
(( 

ii 
(t 
(i 

(4 
M 

ti 

My        A 
•  t 
(i 

M 


SOUQflT. 


B 
D 
L 


T 

C 

M 

E 
B 
E 
C 
M 

B 

T 

C 

M 

B 

M 

T 

E 

B 

O 
T 

E 


FOBMULJB. 


i2  = 


50_ 


gm^Z)  = 


i  =  100 


50 
J? 


D 


DL 

^^'-loo- 


I>=  100 


T  =  B  tan  ^  a 
C  ^tB^ti^L 
M  =  B  vers  ^  a 
E  =  B  «Quee  ^  a 
i2=  Tcot^  A 

i?=  Tta&M  ^ 

C  =  2  r  cos  Ji^  A 

3f  =  r  cot  Jig  A  .  Tel«  ^  A 

ezseo^  A 
T=  Ecot^  A 

exsec  ^  A 
Jf  =  i?cos^  A 

«  _.  _       C* 

2  sin  1^  A 

C 


T=s 


E^HO 


2  cos  ^  A 

exsec  ^  A 


SinJiJ  A 


JR  = 


3f 


vers^  A 

C£=  2Af  OOt^  A 
tAtl^  A 


yers^  a 
M 


COtJil  A 
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TABLE  in*-CURVE  FORMULA 


26 

OITEN. 

SOUOUTi 

FORMUUB. 

B,  T 

A 

tan  ^  A  =  -g- 

27 

ti 

<( 

T 
ftin  1<1!  A   — 

yT'+fi' 

28 
29 

12,  C 

A 

sm^.-,^- 

cos^.=   ^|/(.+  ^)(..-^) 

30 

R,  M 

A 

vers  ^  A  =  -^ 

31 

it 

4( 

i2-ilf 
cos  ^  A  =        ^ 

32 

i?,  E' 

A 

exsec  J^  A  =  — ^- 

33 

(( 

It 

COS^A=^^^ 

34 
35 

r,  c 

A 

cos  ^  A    =   2  y 

tanJ4^  =i/^^-^ 

36 

r,  E 

A 

tan  M  A  =  -^- 

37 

(( 

({ 

T^-E^ 

COS^A    =ya_^^a 

38 

C,  M 

A 

tan  ^  A  =  — ^— 

39 

(( 

(« 

C2-4W9 

cos  ^  A    =    (.8:^-4-3^3 

40 
41 

3f  ,  ^ 

A 

cos  ^  A    =  ^- 

tan  H^  ^i/  -^-^ 
r     E+M 

42 

B,  T 

C 

C           ^^^ 

43 

(( 

M 

R^ 
M-  R 

VT^-i-R^ 

44 

4( 

E 

E=   VT^  +  R^  -  R 

45 

1?,  c 

T 

m CR 

y(-+i)(-l) 

46 

t( 

M 

jjf  =  i?  -  V  (/e  -f.  1^  0)  (i2  - 1^  C) 

47 

(» 

E 

i?2 

^=  V(i2  +  ^C)(i2-^C)""^ 
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TABLE  m.-CURVE  FORMULA 


GIVEN. 

JS,   U 

(t 
ti 

iJ,  B 

i( 

r,  c 

<i 
i( 

It 
(( 

<c 
(( 

Jf,  JSJ 

(t 
i( 

r,  If 

tt 
tt 

C,  22? 

(i 


BOUGHT. 


T 
C 

E 

T 

C 

M 

R 

M 

E 

R 

C 

M 

R 
T 
E 
R 
T 
C 

R 

E 
C 

R 

T 

M 


FORlCUIhB. 


_RVMi2R-M) 
R-M 


C  =    2VM{2R  -M) 
RM 


E  = 


R-M 


T  -  VEi2R-{-E) 


r  -  ^AjL^(^  R  +  E) 
R-fE 
RE 


M  = 


R  = 


R-{-E 


CT 


V(2T+C)  (2T-0 


2T-^C 
2T+C 


^  =  ^y~2TT^ 

_  iT±E)  (T-E) 
^  -  2'E 


C  = 


M  = 


_  2T  {TJ-  E^ 
T^  +  E^ 

_  EiT^-E^)' 


T^-\-E^ 


^- 2M 

C(Ca+4  3f«) 
2(Ca-4  3fa) 

_         C«4-4Jf« 
~         Ca-4Jfa 


JE7 


i?  = 


EM 
E-M 


M 
M 


C  =  2M 


+  M 
M 


Jf  a  4.  ra 
2  M 
E^  -\-  E^  M  —  ET^-^-MT^  =  0 
C»  +  2rCa  +  4  3f«C-81f«  r=0 

C^  E 


4  K«  —  C«  C* 

2  r»  —  ra  c— 2  rj;« — cfi;« = 0 

3f  «  +  3f  a  £?-f  Jf  -^^ -  —  s  0 

4  4 


8 


B    0 


?79 


F 


TABIiE  IV.—RADII,  LOGARITHMS^  OFFSETS,  ETC. 


Degr. 

Radius. 

Loga- 
rithm. 

x>. 

B. 

log.  ». 

0**  <y 

Infinite 

Infinite 

1 

348775. 

5  536274 

2 

171887. 

5.236244 

s 

114592. 

5.059153 

4 

85913.7 

4.934214 

5 

68754.9 

.837804 

6 

57295.8 

.758123 

7 

49110.7 

.691176 

8 

42971.8 

.633184 

9 

88197.2 

.582031 

10 

34377.5 

4.586274 

11 

31252.8 

4.494881 

12 

23647.8 

.457093 

13 

26444.2 

.422831 

14 

2^55.4 

.390146 

15 

2^18.8 

.860183 

16 

21485.9 

.832154 

17 

20222.1 

.805825 

18 

19098.6 

.281002 

19 

18093.4 

.257621 

20 

17188.8 

4.285214 

21 

16370.2 

4.214056 

22 

15626.1 

.193852 

28 

14946.7 

.174547 

24 

14323.6 

.156064 

25 

13751.0 

.138885 

26 

18222.1 

.121802 

27 

12732.4 

.104911 

28 

12277.7 

.089117 

29 

11854.8 

.078877 

80 

11459.2 

4.059154 

81 

11089.6 

4.044914 

32 

10748.0 

.031125 

88 

10417.5 

.017762 

34 

10111.1 

4.004797 

85 

9822.18 

8.99^^206 

86 

0549.34 

.979973 

37 

0291.29 

.968074 

88 

9046.75 

.966498 

89 

8814.78 

.945212 

40 

8594.42 

3.934216 

41 

8384.80 

3.928498 

42 

8185.16 

.918027 

43 

7994.81 

.902808 

44 

7818.11 

.892824 

45 

7639.49 

.888065 

46 

7478.42 

.878619 

47 

7814.41 

.864179 

48 

7162.03 

.855036 

49 

7015.87 

.846082 

50 

6875.55 

8.887306 

51 

6740.74 

8.828706 

52 

6611.12 

.820275 

58 

6486.88 

.812002 

64 

6366.26 

.808885 

55 

6250.51 

.795916 

66 

6188.90 

.788091 

57 

6031.20 

.780404 

58 

5927.22 

.772851 

59 

5»i6.76 

.765427 

60 

5799.65 

8.758128 

Tan. 

Mid. 

Off. 

Ord. 

t. 

m. 

.000 

.000 

.015 

.001 

.029 

.007 

.(M4 

.011 

.058 

.015 

.073 

n-ift 

.087 

!622 

.102 

.025 

.116 

.029 

.131 

.033 

.145 

.036 

.160 

.040 

.175 

.044 

.189 

.(W7 

.204 

.051 

.218 

.065 

.233 

.658 

.247 

.062 

.262 

.065 

.276 

.069 

.291 

.073 

.805 

.076 

.320 

.080 

.835 

.084 

.349 

.087 

.364 

.091 

.878 

.096 

.893 

.098 

.407 

.102 

.422 

.105 

.486 

.109 

.451 

.113 

.465 

.116 

.480 

.120 

.495 

.124 

.509 

.127 

.524 

.181 

.538 

.135 

.653 

.138 

.667 

.142 

.682 

.145 

.696 

.149 

.611 

.153 

.625 

.156 

.MO 

.160 

.654 

.164 

.669 

.167 

.684 

.171 

.698 

.174 

.713 

.178 

.727 

.182 

.742 

.185 

.756 

.189 

.771 

.193 

.785 

.196 

.800 

.200 

.814 

.204 

.829 

.207 

.844 

.211 

.858 

.215 

.873 

.218 

Deg. 


O' 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
16 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
82 
88 
84 
85 
86 
87 
88 
89 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

51 
62 
63 
54 
65 
56 
57 
58 
59 
60 


Radius. 

Loga- 
rithm. 

Tang. 

K. 

log.  B. 

t. 

5729.65 

8.758128 

.878 

5636.72 

.750950 

.887 

5644.88 

.748888 

.902 

5456.82 

.736989 

.916 

5371.56 

.780100 

.981 

6288.92 

.728367 

.945 

6208.79 

.716787 

.960 

5131.05 

.710206 

.974 

5055.69 

.703772 

.989 

49S2.88 

.697482 

1.004 

4911.15 

3.691188 

1.018 

4841.96 

3.686023 

1.033 

4774.74 

.678949 

1.047 

4709.88 

.672959 

1.062 

4645.69 

.667061 

1.076 

4588.75 

.661221 

1.091 

4623.44 

.655469 

1.106 

4464.70 

.649792 

1.120 

4407.46 

.644189 

1.134 

4851.67 

.638656 

1.149 

4297.28 

8.638194 

'1.164 

4244.23 

8.627r99 

.1.178 

4192.47 

.622470 

1.193 

4141.96 

.617206 

1.207 

4092.66 

.612005 

1.2:22 

4044.51 

.606866 

1.236 

8997.49 

.601787 

1.251 

8951.54 

.596766 

1.265 

8906.54 

.591803 

1.280 

8862.74 

.586bd6 

1.294 

8819.83 

3.682044 

1.309 

877r86 

8.577245 

1.324 

8736.79 

.672499 

1.888 

3696.61 

.667804 

1.858 

3657.29 

.563160 

1.867 

3618.80 

.558564 

1.382 

3581.10 

.564017 

1.396 

8544.19 

.549517 

1.411 

3506.02 

.545063 

1.425 

3472.59 

.540664 

1.440 

8487.87 

8.536289 

1.464 

3408.83 

8.531968 

1.469 

8870.46 

.527690 

1.488 

8337.74 

.523458 

1.498 

3305.65 

.519257 

1.513 

8274.17 

.516101 

1.527 

3213.29 

.610985 

1.542 

3212.98 

.506906 

1.556 

8183.23 

.502868 

1.571 

3154.08 

.496866 

1.585 

3126.36 

8.494900 

1.600 

8097.20 

8.490970 

1.614 

8069.55 

.487075 

1.629 

8042.39 

.483215 

1.643 

3015.71 

.479389 

1.658 

2989.48 

,475596 

1.673 

2983.71 

.471836 

1.687 

2938.89 

.468109 

1.702 

2918.49 

.464413 

1.716 

2880.01 

.460749 

1.731 

2864.98 

8.457116 

1.746 
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TABLE  IV.— BADH,  LOaARITHMS,  OFFSETS,  ETC. 


Badius. 

Loga- 
rithm. 

''5S?- 

Mid. 
Ord. 

1 

Peg. 

Badius, 

Loga- 
rithm. 

^•^ 

B. 

log.  B. 

t. 

Jl 

1    »• 

B. 

log.  B. 

t. 

m. 

0864  9S 

8.467115 

1.745 

.436 

8"  0' 

1910.06 

8.2B1051 

2.618 

.654 

2841.06 

.463511 

1.760 

.440 

1 

1899.68 

.2T)J646 

2.682 

.668 

2817.97 

.449987 

1.774 

.444 

2 

1889.09 

.2r6263 

8.647 

662 

2795.06 

.446392 

1.789 

.447 

8 

1878.77 

.278874 

2.661 

666 

2172.53 

.442876 

1.803 

.451 

4 

1868.56 

.271508 

2.676 

.669 

2750.85 

.439888 

1.818 

.454 

5 

1858.47 

.269165 

2.090 

.673 

2728.52 

-     .435928 

1.882 

.468 

6 

1848.48 

.266814 

«.ro5 

.678 

2707.04 

.432495 

1.847 

.462 

7 

1838.89 

.264486 

2.719 

.680 

2685.89 

.429069 

1.862 

.465 

8 

1828.82 

.262170 

2.784 

.684 

2665.08 

.425710 

1.876 

.469 

9 

1819.14 

.269867 

2.749 

.687 

2644.58 

8  422366 

1.891 

.478 

10 

1809.57 

8.257576 

2.763 

.601 

2624.39 

8.4f90B9 

1.905 

.476 

11 

1800.10 

8.256296 

2.778 

.694 

2604.51 

.415727 

1.920 

.480 

12 

1T90.7B 

.268029 

2.792 

.696 

2584.93 

.415^449 

1.984 

.484 

18 

1781.46 

.260774 

2.807 

.7W 

2565.65 

.409197 

1.949 

.487 

14 

1772.27 

.248630 

2  821 

.705 

2546.64 

.405968 

1.963 

.491 

15 

1763.18 

.246297 

2.886 

.709 

2627.92 

.402763 

1.978 

.494 

16 

1754.19 

.244077 

2.850 

.713 

2509.47 

.399582 

1.992 

.498 

17 

1745.26 

.»41867 

2.869 

.ne 

2491.29 

.896424 

2.007 

.502 

18 

1736.48 

.289669 

2.879 

.7«) 

2473.^ 

.393289 

2.022 

.505 

19 

1727  75 

.237481 

2.894 

.?a 

2455.70 

8  890176 

2.086 

.509 

20 

1719.12 

8.286805 

2.906 

.?i7 

2138.29 

8.387065 

2.051 

.513 

21 

1710.56 

3.288140 

2.923 

.731 

2421.12 

.364016 

2.065 

.516 

22 

1702.10 

.230986 

2.988 

.79i 

2404.19 

.380969     2.080 

.520 

.     23 

1693.72 

.228641 

2.952 

.788 

2387.50 

.377943 

2. mi 

.524 

'     24 

1685.42 

.226707 

2.967 

.748 

2871.04 

.374988 

2.109 

.527 

25 

1677.20 

.224584 

2.961 

.745 

2354.80 

.871964 

2.123 

.531 

26 

1669.06 

.222472 

2.996 

.749 

2888.78 

.368990 

2.138 

.534 

27 

1661.00 

.220869 

8.010 

.-ioS 

2322.98 

.366046 

2.1.52 

..538 

28 

1653.01 

.218277 

8.025 

.736 

2307.89 

.3(ai22 

2.167 

..S42 

29 

1645.11 

.2161{» 

8.089 

.700 

2292.01 

8.8(50217 

2.181 

.545 

30 

1637.28 

8.214122 

3.054 

.^ 

2276.84 

3.a57382 

2.196 

.549 

81 

1629.52 

8.212000 

3.068 

.787 

2261.86 

.3M466 

2.211 

.553 

82 

1621.84 

.210007 

8.063 

.TH 

2247.08 

.851618 

2.225 

.556 

33 

1614.22 

.207964 

8.097 

.774 

2232.49 

.348789 

2.240 

.560 

84 

1606.68 

.9059») 

3.112 

.ns 

2218.09 

.345979 

2.254 

.mi 

85 

1599.21 

.208906 

8.127 

.ffl2 

2208.87 

.843187 

2.269 

..567 

36 

1591.81 

.201898 

3.141 

.?» 

2189.84 

.340412 

2.283 

..571 

37 

1584.48 

.199886 

3.156 

.789 

2175.98 

.337655 

2.298 

.574 

38 

1577.21 

.197890 

3.170 

.798 

2162.80 

.334916 

2.812 

..578 

39 

1.570.01 

.195908 

8.185 

.796 

2148.79 

3.332103 

2.327 

..582 

40 

1562.88 

8.198925 

8.199 

.800 

2136.44 

3.329488 

2.311 

..585  1 

41 

1555.81 

3.191956 

3.214 

808 

2122.26 

.326799 

2.8.56 

.589 

42 

1548.80 

.189996 

8.^8 

.807 

2109.24 

.324127 

2  371 

..593 

43 

1541.86 

.188(V45 

8.*^48 

.811 

2096.39 

.321471 

2.385 

.596 

44 

1534.98 

.186108 

8.)i57 

.814 

2088.08 

.3188;« 

2.400 

.600 

45 

1528.16 

.184169 

S.il72 

818 

2071.13 

.316208 

2.414 

.604  1 

46 

1521.40 

.182244 

8.286 

.8« 

20.')8.';3 

.313600 

2.429 

.607 

47 

1514.70 

.180327 

3.801 

.8!B 

2046.48 

.311008 

2.443 

.611  ! 

48 

1.508.06 

.178419 

8.316 

.m 

2034.37 

.808431 

2.4.58 

.614  1 

49 

1301.48 

.176519 

3.830 

.8© 

2022.41 

3.30.5869 

2.473 

.618  1 

50 

1494.95 

8.174627 

8.»I3 

.836 

2010.. "sg 

3.803323 

2.487 

.622  i 

51 

1488.48 

8.172744 

S.S59 

.8iO 

] 

1998.90 

.300791  ;  2. ,501 

625 

52 

1482.07 

.170668 

8.874 

.618 

3 

987.35 

.2i)8274  '  2.516 

.629 

53 

1475.7b 

.169001 

8.888 

.847 

] 

975.  a3 

.295771  1  2.530 

Am  • 

M 

1469.41 

.167142 

8.403 

.851 

] 

19(U.(>4 

.2m2i<i  ,  2..U5 

.6:^6 

.55 

14()3.16 

.165291 

8.417 

.8:>* 

1 

L9>3.48 

.200809     2.5<)0 

1   .640 

56 

1456.96 

.163447 

8.4:i2 

.858 

J 

D42.44 

.2881^9  ,  2.574 

.644 

57 

1450.81 

.161612 

SMQ 

.862 

1 

931.53 

.2a59(W  i  2..'>80 

AU7 

58 

1444.72 

.1.597W 

8.461 

.865 

] 

920.75 

.2aS470     2  Am 

.6.51 

59 

1438.68 

.157968 

8.475 

.869 

1 

1910.08 

,  3.281051  ;  2,618 

;   .654 

60 

14.32.69 

8.156151 

8.490 

M 

281 


TABLE  IV.— RADII,  LOQARTrttSIs,  OFFSETS,  ETC. 


Deg. 
D. 


40  0/ 

1 
2 
8 
4 
5 
6 
7 
8 
0 
10 

11 
12 
18 
14 
15 
IS 
17 
16 
19 
20 

21 
28 


26 
27 
28 
29 
80 

81 
82 
88 
84 
85 
86 
87 
88 

% 

41 
42 

48 
44 
45 
46 

47 
48 
49 
50 

61 
52 
53 
54 
55 

58 


Radius. 


1482.69 
1426.74 
1420.86 
1415.01 
1409.21 
1403.46 
1897.76 
1892.10 
1886.48 
1880.92 
1875.40 

1869.92 
1864.49 
1359*10 
1353.75 
1348.45 
1343.15 
1837.65 
1332.77 
1827.63 
1822.53 

1817.46 
1312.48 
1807.45 
1802.50 
1297.58 
1292.71 
1287.87 
1288.07 
1278.80 
1273.57 

1268.87 
1264.21 
1259.58 
1254.98 
1250.42 
1345.89 
1241.40 
1286.94 
1282.51 
1228.11 

1223.74 
1219.40 
1215.30 
1210.82 
1206.57 
1202.36 
1198.17 
1194.01 
1189.88 
1185.78 

1181.71 
1177.66 
1173.66 
1169.66 
1165.70 
1161.7C 
1167.85 
1168.97 

iifio.u 

1146.28 


Loga- 
rithm. 

log.R. 


8 


3 


8 


156151 
151346 
152518 
150758 
148975 
147200 
145131 
1'13670 
141916 
140170 
138480 

136697 
134971 
138251 
131539 
129838 
128^34 
126442 
124756 
128077 
121404 

119788 
118078 
116424 
114777 
113136 
111501 
109872 
108249 
106632 
105022 

108417 

101818 
100225 
098688 
097057 
095181 
098912 
092347 
090789 
089286 

087689 
086147 
084610 
063079 
061558 
060038 
078518 
077008 
075504 
074005 

072511 
071022 
069538 
066059 
066585 
065116 
068658 
062194 
060740 
069290 


Tarn 


OffT 


t. 


Mid. 
Ord. 


m. 


Deg. 
I>» 


8.490 

.872 

8.505 

.876 

8.519 

.880 

8.534 

.883 

8.548 

.887 

8.563 

.891 

8.577 

.894 

8.592 

.898 

8!606 

.902 

8.621 

.906 

8.636 

.909 

8.660 

.912 

3.664 

.916 

3.679 

.920 

8.693 

.923 

8.708 

.927 

8.723 

.931 

8.786 

.934 

8.752 

.938 

8.766 

.942 

8.781 

.945 

8.796 

.949 

8.810 

.952 

8.824 

,956 

3.889 

.960 

8.853 

.963 

3.868 

.967 

8.882 

.971 

3.897 

.974 

8.911 

.978 

8.926 

.982 

3.941 

.985 

8.955 

.989 

8.970 

.993 

3.984 

.996 

8.999 

1.000 

4.013 

1.003 

4.028 

1.007 

4.042 

1.011 

4.067 

1.014 

4.071 

V018 

4.086 

1^022 

4.100 

1^B5 

4.115 

1.6V* 

4.129 

1  032 

4.144 

1*.036 

4.159 

1.010 

4.173 

1.043 

4.188 

1.047 

4.202 

1.051 

4.217 

1.054 

4.281 

1.058 

4.246 

1.062 

4.260 

1.065 

4.275 

1.069 

4.289 

1.073 

4.304 

1.076 

4.818 

1.080 

4888 

1.088 

4.847 

1.088 

4.862 

1.091  ! 

Radius. 
B. 


6' 


0' 

I 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
28 
24 
26 
26 
27 
28 
29 
30 

31 
32 
38 
34 
36 
86 
37 
38 
39 
40 

41 
42 
43 

44 
46 
46 

47 
48 
49 
50 

51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


146.28 
142.47 
138. 6» 
134.94 
131.21 
1^:^50 
123.82 
120.16 
116.52 
112.91 
109.33 

105.76 
102.22 
098.70 
095.20 
091.73 
068.28 
081.85 
081.44 
078.05 
074.68 

071. »1 
068.01 
064.71 
061.43 
058.16 
054.92 
a5i.ro 
048.48 
045.31 
012.14 

089.00 
035.87 
032.76 
029.67 
026.60 
023.55 
020.51 
017.49 
014.50 
011.51 

008.55 
005.60 
002.67 
999.762 
99(5. 8<}7 
998.988 
991.126 
J)88.280 
985.451 
982.638 

979.  JMO 
977.060 
974.294 
971.544 
968.810 
966.091 
963.887 
960.698 
968.026 
966.866 


Loga- 

TaDg. 

Mid. 

rithm. 

Off. 

Ord. 

log.B. 

t. 

in. 

3.059290 

4.862 

1  091 

.057«46 

4.376 

1.094 

.056407 

4.391 

1.098 

.054972 

4.405 

1.102 

.053542 

4.420 

1.105 

.052116 

4.485 

1.100 

.050696 

4.449 

1.112 

.049280 

4.464 

1.116 

.017868 

4.478 

1.120 

.046462 

4.493 

1.123 

3.045059 

4.507 

1.127 

3.043662 

4.522 

1.131 

.042268 

4.536 

1.134 

.040880 

4.551 

1.138 

.039495 

4.565 

1.142 

.038115 

4.580 

1.146 

.036740 

4.594 

1.149 

.035368 

4.609 

1.153 

.034002 

4.628 

1  157 

.032639 

4.638 

1.160 

3.031281 

4.658 

1.164 

3.029927 

4.667 

1.168 

.028577 

4.682 

1.171 

.t27231 

4.696 

1.175 

.025890 

4.711 

1.179 

.024552 

4.725 

1.182 

.028219 

4.740 

1.186 

.0218JX) 

4.754 

1.190 

.020565 

4.769 

1.19;^ 

.019244 

4.783 

1.197 

3.017927 

4.798 

1.200 

8.016814 

4.812 

1.204 

.015305 

4.827 

1.208 

.013999 

4.841 

1.211 

.0J2698 

4.856 

1.215 

.011401 

4.870 

1.218 

.010107 

4.886 

1.222 

.008818 

4.900 

1.226 

.007532 

4.914 

1.229 

.006250 

4.929 

1.233 

3.004972 

4.948 

1.237 

3.008698 

4.958 

1.240 

.002427 

4.972 

1.244 

3.001160 

4.987 

1.IW7 

2.999697 

5.001 

1.251 

.998637 

5.016 

1.255 

.997381 

5.030 

1.258 

.996129 

5.045 

1.262 

.994880 

5.059 

1.26fc 

.998635 

5.074 

1.268 

2.992393 

5.088 

1.273 

2.991155 

5.108 

i.2r? 

.989921 

5.117 

1.280 

.988690 

5.182 

1.2&1 

.987463 

5.146 

1.288 

.986238 

5.161 

1.291 

.985018 

5.176 

1.296 

.988801 

5.190 

1.298 

.982587 

6.206 

1.80a 

.981877 

6.219 

1..806 

2.980170 

6.284 

l.SOfi 
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TABLE  IV.-RADII,  LOGARITHMS,  OFFSETS,  ETC, 


Badiiis. 
B. 


Loga- 
rithm. 

log.  B. 


956.366 
952.722 
950.093 
947.478 
944.877 
942.291 
939.719 
937.161 
934.616 
932.086 
929.569 

927.066 
924.576 
922.100 
919.637 
917.187 
914.750 
912.326 
909.915 
907.517 
905.131 

902.758 
900.897 
898.048 
896.712 
893.888 
891.076 
888.776 
886.488 
884.211 
881.946 

879.693 
877.451 
875.221 
873.002 
870.795 
868.598 
866.412 
864.238 
862.075 
859.922 

857.780 
855.648 
853.527 
851.417 
849.317 
847.228 
845.148 
843.080 
841.021 
838.972 

836.933 
834.904 
832.885 
830.876 
828.876 
826.886 
824.905 
822.934 
890  973 
819.020 


2.980170 
.978966 
.977766 
.976569 
.975375 
.974185 
.973998 
.971814 
.970638 
.969456 

2.968282 

2.967111 
.965943 
.964778 
.963616 
.962458 
.961303 
.960150 
.959001 
.957855 

2.956711 

2.955571 
.954434 
.953300 
.952168 
.951040 
.949915 
.948792 
.947673 
.946556 

2.945442 

2.944331 
.943223 
.942118 
.941015 
.939916 
.938819 
.937725 
.936633 
.935545 

2.934459 

2.983876 
.932295 
.981218 
.930142 
.929070 
.928000 
.926933 
.925869 
.924807 

2.923747 

2.922691 
.921637 
.920585 
.919536 
.918489 
.917446 
.916404 
.915865 
.914329 

2.918295 


Tang. 

Mid. 

Off. 

Ord. 

t. 

m. 

• 

5.234 

1.309 

5.248 

1.313 

5.263 

1.317 

5.277 

1.320 

5.292 

1.324 

5.906 

1.327 

6.321 

1.331 

5.335 

1.835 

5.360 

1.838 

5.364 

1.342 

5.379 

1.346 

6.398 

1.349 

6.408 

1.353 

5.422 

1.356 

5.437 

1.360 

5.461 

1.364 

6.466 

1.368 

6.480 

1.871 

5.496 

1.375 

6.510 

1.378 

5.524 

1.382 

5.539 

1.886 

5.553 

1.889 

5.668 

1.893 

5.582 

1.397 

5.597 

1.400 

5.611 

1.404 

5.626 

1.407 

5.640 

1.411 

5.665 

1.415 

6.669 

1.418 

5.684 

1.422 

5.698 

1.426 

5.718 

1.429 

6.7^27 

1.488 

5.742 

1.487 

5.756 

1.440 

5.771 

1.444 

5.786 

1.447 

6.800 

1.451 

5.814 

1.466 

5.829 

1.458 

5.844 

1.462 

5.858 

1.466 

5.873 

1.469 

5.887 

1.473 

5.902 

1.476 

5.916 

1.480 

5.931 

1.484 

6.945 

1.487 

5.960 

1.491 

5.974 

1.495 

6.989 

1.498 

6.003 

1.502 

6.018 

1.505 

6.032 

1.510 

6.047 

1.513 

6.061 

1.517 

6.076 

1.520 

6.090 

1.524 

6.105 

1.628 

Deg. 

EadiuB. 

Loga- 
rithm. 

Tang. 
Off. 

Mid. 
Ord. 

f»- 

R. 

log.  B. 

t. 

m. 

7"  0' 

819.020  S 

(.918295 

6.105 

1.588 

1 

817.077 

.912263 

6.119 

1.531 

2 

815.144 

,911284 

6.184 

1.535 

8 

813.288 

.910208 

6.148 

1.539 

4 

811.303 

.909188 

6.168 

1.548 

6 

809.397 

.908162 

6.177 

1.546 

6 

807.499 

.907142 

6.192 

1.560 

7 

805.611 

.906125 

6.206 

1.668 

8 

803.731 

.905111 

6.221 

1.567 

9 

801.860 

.904098 

6.286 

1.561 

10 

799.997   S 

!. 903069 

6.250 

1.564 

•      11 

798.144   S 

{.902081 

6.266 

1.568 

12 

796.299 

.901076 

6.279 

1.572 

18 

794.462 

.900078 

6.294 

1.576 

14 

792.634 

.899078 

6.808 

1.579 

15 

790.814 

.898074 

6.828 

1.682 

16 

789.003 

.t-97078 

6.887 

1.586 

17 

787.210 

.896065 

6.882 

1.690 

18 

785.405 

.895094 

6.866 

1.693 

19 

783.618 

.894105 

6.881 

1.697 

20 

781.840   J 

i.898118 

6.385 

1.600 

21 

780.069   S 

i.892188 

6.410 

1.604 

22 

778.307 

.891151 

6.4^ 

1.606 

23 

776.552 

.890171 

6.488 

1.611 

24 

774.806 

.889196 

6.458 

1.615 

25 

773.067 

.888217 

6.468 

1.618 

26 

771.886 

.887244 

6.482 

1.623 

27 

769.618 

.88627^ 

6.497 

1.026 

28 

767.897. 

.885308 

6.511 

1.680 

29 

766.190 

.884886 

6.526 

1.633 

80 

764.489  i 

S.883871 

6.540 

1.687 

81 

762.797  i 

>.882409 

6.555 

1.641 

82 

761.112 

.881448 

6.569 

1.644 

83 

759.484 

.880480 

6.584 

1.648 

84 

757.764 

.879534 

6.688 

1.651 

86 

756.101 

.878580 

6.613 

1.655 

86 

754.445 

.877627 

6.627 

1.658 

87 

752.796 

.876678 

6.648 

1.662 

88 

751.156 

.875730 

6.656 

1.666 

39 

749.521 

.874784 

6.671 

1.670 

40 

747.894   i 

5,873840 

6.686 

1.678 

41 

746.274   i 

J.  872896 

6.700 

1.677 

42 

744.661 

.871959 

6.714 

1.680 

43 

748.055 

.871021 

6.T29 

1.684 

44 

741.456 

.870086 

6.748 

1.688 

46 

789.864 

.869152 

6.758 

1.681 

46 

788.279 

.868221 

6.778 

1.695 

47 

736.701 

.867291 

6.787 

1.688 

48 

786.129 

.866868 

6.802 

1.702 

49 

733.564 

.865438 

6.816 

1.706 

50 

732.005   i 

2.864514 

6.881 

1.710 

51 

730.454   i 

2.868598 

6.846 

1.718 

62 

728.909 

.862678 

6.860 

1.717 

63 

727.870 

.861756 

6.874 

1.720 

54 

725.838 

.860840 

6.888 

1.724 

55 

724.312 

.859926 

6.906 

1.788 

56 

722.793 

.859014 

6.918 

1.7S1 

57 

721.280 

.858104 

6.933 

1.T85 

::8 

719.774 

.857196 

6.847 

1.788 

59 

718.278 

.856290 

6.861 

1.748 

60 

716.779  S 

;.866885 

6.876 

1.740 
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TABLE  IV.— RADH,  LOGARITHMS,  OFFSETS,  ETC. 


Deg. 


8< 


(y 
1 

2 
3 
4 

5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

81 
82 
83 
84 
85 
86 
87 
88 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Radius. 


716.779 
715.291 
718.810 
712.335 
710.865 
709.402 
707.945 
706.493 
705.048 
703.609 
702.175 

700.748 
699.326 
697.910 
696.499 
695.095 
693.696 
692.302 
690.914 
689.582 
688.156 

686.785 
685.419 
684.059 
682.704 
681.354 
680.010 
678.671 
6T7.338 
676.008 
674.686 

673.369 
672.056 
670.748 
669.446 
668.148 
666.856 
665.568 
664.286 
663.008 
661.736 

660.468 
659.205 
667.947 
656.694 
666.446 
654.202 
662.963 
661. T29 
650.499 
649.274 

648.054 
646.838 
645.627 
644.420 
643.218 
642.021 
640.828 
689.639 
688.465 
687.275 


Loga- 
rithm. 

log.  B. 


Tang.  I  Mid 


Off. 
t. 


Ord. 


2.85.5885 

6.976 

1.746 

.864483 

6.990 

1.749 

.853583 

7.005 

1.753 

.85.2684 

7.019 

1.756 

.861787 

7.034 

1.761 

.860892 

7.048 

1.764 

.849999 

7.063 

1.768 

.849108 

7.077 

1.771 

.848219 

7.092 

1.775 

.847331 

7.106 

1.778 

2.846445 

7.121 

1.782 

2.845562 

7.135 

1.786 

.844679 

7.150 

1.790 

.843799 

7.164 

3.793 

.842921 

7.179 

1.797 

.842044 

7.193 

1.801 

.841169 

7.208 

1.804 

.840296 

7.222 

1.807 

.839424 

7.237 

1.8U 

.«38655 

7.251 

1.815 

2.887687 

7.266 

1.819 

2.886821 

7.280 

1.822 

.835966 

7.295 

1.826 

.836093 

7.809 

1.829 

.834232 

7.324 

1.833 

.833373 

7.388 

1.837 

.832515 

7.353 

1.840 

.831660 

7.367 

1.844 

.830805 

7.382 

1.848 

.829963 

7.396 

1.851 

2.829102 

7.411 

1.855 

2.828253 

7.425 

1.858 

.827405 

7.440 

1.862 

.826560 

7.454 

1.866 

.825715 

7.469 

1.869 

.824873 

7.483 

1.873 

.824032 

7.598 

1.877 

.823193 

7.512 

1.880 

.822355 

7.627 

1.884 

.821519 

7.541 

1.887 

2.820685 

7.566 

1.892 

2.819852 

7.670 

1.896 

.819021 

7.685 

1.899 

.818191 

7.599 

1.903 

.817363 

7.614 

1.906 

.816537 

7.628 

1.910 

.815712 

7.643 

1.914 

.814889 

7.657 

1.918 

.814067 

7.672 

1.921 

.813247 

7.686 

1.924 

2.812428 

7.701 

1.928 

2.811611 

7.716 

1.932 

.810796 

7.730 

1.936 

.809982 

7.744 

1.989 

.809169 

7.759 

1.943 

.808858 

7.773 

1.946 

.807649 

7.788 

1.950 

.806741 

7.802 

1.953 

.805936 

7.817 

1.967 

.805130 

7.831 

1.961 

2.804827 

7.846 

1.965 

Deg. 

Radius. 

Loga- 
rithm. 

Tang. 
Off. 

Mid. 
Ord. 

I>. 

B. 

log.  B. 

t. 

m. 

9"  O' 

637.275 

2.804327 

7.84e 

1.965 

1 

636.099 

.803525 

7.860 

1.968 

2 

634.928 

.802724 

7.876 

1.972 

3 

633.761 

.801926 

7.889 

1.975 

4 

632.699 

.801128 

7.904 

1.979 

5 

631.440 

.800332 

7.918 

1.983 

6 

630.286 

.799638 

7.938 

1.987 

7 

629.136 

.798746 

7.947 

1.990 

8 

627.991 

.797963 

7.962 

1.994 

9 

626.849 

.797163 

7.976 

1.996 

10 

626.712 

2.796374 

7.991 

2.001 

11 

624.579 

2.796587 

8.005 

2.006 

12 

623.450 

.794801 

8.020 

2.008 

13 

622.325 

.794017 

8.084 

2.012 

14 

621.203 

.793234 

8.049 

2.016 

15 

620.067 

.792453 

8.063 

2.019 

16 

618.974 

.791673 

8.078 

2.023 

17 

617.865 

.790894 

8.092 

2.026 

18 

616.760 

.790117 

8.107 

2.080 

19 

615.660 

.789841 

8.121 

2.034 

20 

614.563 

2.788566 

8.136 

2.087 

21 

613.470 

2.787793 

8.160 

2.041 

22 

612.380 

.787021 

8.166 

2.045 

23 

611.295 

.786251 

8.179 

2.048 

24 

610.214 

.785482 

8.194 

2.052 

26 

609.136 

.784714 

8.206 

2.056 

26 

608.062 

.783948 

8.223 

2.060 

27 

606.992 

.783183 

8.287 

2.063 

28 

606.926 

.782420 

8.252 

2.066 

29 

604.864 

.781657 

8.266 

2.070 

30 

603.805 

2.780897 

8.281 

2.074 

81 

602.760 

2.780137 

8.295 

2.077 

32 

601.698 

.779379 

8.310 

2.081 

33 

600.661 

.778622 

8.324 

2.084 

84 

599.607 

.777867 

8.339 

2.088 

36 

698.567 

.777112 

8.353 

2.092 

36 

597.530 

.776360 

8.368 

2.096 

37 

696.497 

.776608 

8.382 

2.099 

38 

695.467 

.7r4858 

8.397 

2.103 

39 

694.441 

.774109 

8.411 

2.106 

.40 

693.419 

2.773361 

8.426 

2.110 

41 

592.400 

2.772615 

8.440 

2.113 

42 

591.384 

.771870 

8.455 

2.117 

43 

590.372 

.771126 

8.469 

2.12i 

44 

689.364 

.770888 

8.484 

2.125 

45 

588.359 

.769642 

8.498 

2.128 

46 

587.357 

.768902 

8.513 

2.13S 

47 

586.359 

.768164 

8.527 

2.135 

48 

585.364 

.767426 

8.542 

2.139 

49 

584.378 

.766690 

8.666 

2.142 

50 

583.385 

2.765955 

8.671 

2.147 

51 

582.400 

2.765221 

8.585 

2.150 

52 

681.419 

.764489 

8.600 

2.154 

53 

580.441 

.763758 

8.614 

2.158 

64 

579.466 

.763028 

8.629 

2.161 

55 

578.494 

.762299 

8.643 

2.166 

56 

577.526 

.761572 

8.658 

2.168 

57 

576.561 

.760845 

8.672 

2.172 

58 

575.599 

.760120 

8.687 

2.175 

59 

674.641 

.759397 

8.701 

2.179 

60 

573.686 

2.758674 

8.716 

2.183 
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TAPI^g  IV.-IUDII,  LOG^RTTHMS,  OFFSETS,  ETC. 


Deg, 


10°  (V 
2 
4 
P 

8 
10 
12 
14 

16 

18 

20 
82 
24 
80 

28 

ao 

32 
84 
86 
38 

40 
42 
44 
46 
48 
50 
52 
54 
56 
58 

IPo' 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 
22 
24 
26 
28 
80 
82 
aj 
86 
38 

40 
42 
4^1 
46 
48 
60 
62 
54 
56 
58 


Radius. 


578.686 
571.784 
569.896 
508.020 
566.156 
564.805 
562.466 
560.688 
558.8^ 
557.019 

555.227 
553.447 
551.678 
549.920 
548.174 
546.438 
544.714 
543.001 
541.298 
539.606 

537. 92i 
536.253 
534.593 
532.94^3 
581.303 
529.673 
528.05Ji 
526.443 
524.843 
523.252 

521.671 
520.100 
518.539 
516.986 
515.443 
513.909 
512.  ;«5 
510.869 
509.363 
507.865 

506.376 
504.896 
503.425 
501.902 
500.507 
499.061 
497.624 
496.195 
494.774 
493.361 

491.956 
490.559 
489.171 
487.7^)0 
486.417 
485  051 
488.694 
482. Ui 
481.001 
479.606 
478.  :«o 


Loga- 
rithm. 

iQg.I^. 


Tang. 
Oflf. 

t. 


2.758Q74 
.757232 

.755796 
.754364 
.752937 
.751514 
.750096 
.748683 
.747274 
2.745870 

2.744471 
.743076 
.741686 
.740300 
.738918 
.737541 
.736169 
.734800 
.733436 

2.7320?? 

2.730721 
.729370 
.728023 
.726681 
.725342 
.724008 
.';^2677 
.721351 
.720029 

2.718711 

2.717397 
.716087 
.714781 
.71^479 
.712181 
.710887 
.709596 
.708310 
.707027 

2.705748 

12.704473 
.703802 
.701934 
700671 
.699410 
.098154 
.696901 
.695052 
.094407 

2.693165 

2  691928 

.690692 

.689400 

.6882138 

.087008 

.685788 

I   .6fM570 

.(S8;«57 

I   .082M() 

,    .080939 

2.6797:35 


8.716 

8.745 
8.774 
8.803 
8.881 
8.860 
8.889 
8.918 
8.947 
8.976 

9.005 
9.084 
9.U63 
9.0U2 
0.121 
9.150 
9.179 
9.208 
9.237 
9.266 

9.295 
9.824 
9.853 
9.382 
9.411 
9.440 
9.469 
9.498 
9.527 
9.556 

9.585 
9.614 
9.642 
9.671 
9.700 
9.729 
9. 758 
9.7'87 
9.816 
9.845 

9.874 

9.9053 

9.{>32 

9.901 

9.990 

10.019 

10.048 

;i0.077 

110.106 

10.135 

'10.164 
,10.192 
[10.221 
10.250 
10  279 
10.308 
10.3:37 
10.306 
10  895 
10.404 
10.453 


Mid. 
Ord. 


2.183 
2.190 
2.198 
2.205 
2.212 
2.219 
2.227 
2.234 
2.241 
2.234 

2.256 
2.263 
!^.270 
2.278 
2.285 
2.293 
^.300 
2.307 
2.314 
2.321 

2.829 
2.336 
2.843 
2-351 
2.858 
^.865 
2.372 
2.S80 
2.387 
2.394 

2.402 
2.409 
2.416 
2  428 
2.481 
2.488 
2.445 
2.453 
2.460 
2.467 

475 
482 
489 
496 
2.504 
2.511 
2.518 
2.526 
2.533 
2.&40 

2.547 
2.5.55 

2.562 
2.569 
2.577 


Deg. 


12' 


18 


'  0' 

2 

4 

6 

8 

10 

12 

14 

16 

18 

90 
£2 
J4 
26 
28 
80 
82 
84 
86 
88 

40 
42 

44 
46 
48 
50 
62 
04 
56 
58 

0' 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 
22 
24 
26 
28 
30 
32 
U 
36 
88 

40 
42 
44 
46 


Radius. 
B. 


2.5*U 

ro  , 

2.591 

52  ! 

2.598 

r>4 

2.606 

56 

2.613 

58 

2.620 

60 

478.339 
477.018 
475.705 
474.400 
473.102 
471.810 
4';0.526 
469.249 
467,978 
406.715 

465.459 
464.209 
462. P6Q 
461.729 
460.500 
459.276 
458.060 
456.850 
455.646 
454.449 

458.259 
452.073 
450.894 
449  ?^^ 
448.506 
447.300 
446.^1 
445.093 
443.951 
442.814 

441.684 
440.559 
439.440 
438.326 
437.219 
436.117 
435.020 
433.029 
432.844 
431.764 

430  690 
429.620 
428.557 
427.498 
426.445 
425.396 
424.  a54 


42:3. 
422, 
421. 


6 


256 


420.233 
419  215 
418.203 
417.15*5 
416  192 
415  VM 
414.201 
413.212 
412.2^ 
411.250 
410.275 


IiQga- 
ritl^m. 

log.:^. 


2 


2 


Tang. 
Off. 

t. 


2.679735 
678535 
67738a 
676145 
674954 
673767 
672584 
6714a^ 
670286 
669U52 


667^81 
666713 
66.5549 
664:587 
663229 
662(yr4 
66092J? 
659773 
6586^8 
657485 

656845 
655808 
654675 
652944 
651816 
650691 
649570 
648451 
647^86 
646221 

645111 
644004 
642899 
641798 
640699 
6896C3 
688510 
637419 
686381 
685246 

684164 
6:38085 
632008 
630934 
6298()8 
6287W 
6:^7728 
626666 
625604 
684546 

68a490 
6284:37 

621887 
62a339 

618251 
617211 
61617^ 
615i;38 
614106 
613075 


Mid. 
OkL 


0.453 
0.488 
0.511 
0.640 
(1,669 
C.507 
0.686 
0.655 
0.684 
0.713 

0.742 
0.771 
O.i^OO 
0.E29 
0.858 
0.687 
0.916 
0.945 
0.973 
1.002 

1.081 
1.060 


089 
118 
147 
176 
205 
1.284 
1.263 
1.291 

1.380 
1.349 
1.378 
1.407 
1.486 
1.465 
1.494 
1.583 
1.552 
1.680 


1.609 
1.&S8 

i.a)7 

I.6J6 
1  725 
1.754 
1.788 
1.812 
I.&IO 
1.869 


.927 
l.fe.56 
1.6h5 
8.014 
2.C43 
2.071 
2.100 

2.158 
2.187 


2. 

2.628 
2.6% 
2.642 
2.650 
2.657 
2.664 
2.671 
2.679 
2.686 

8.693 
8.701 
8.708 
2.n5 
8.722 
2.720 
8.737 
8.744 
2752 
8.759 

8.766 
2.774 
8.781 
8.788 
8.795 
8.f08 
8.«0 
8.817 
2.825 
ii.m 

8.839 
8.846 
8.^54 
2.P61 
2.868 
8.876 
2.1-8:3 
2.b90 
2.898 
2.905 

8.918 
2.919 
2.J«7 

a.m 

2.941 

2.iM9 

2  jse 

2.963 
2.971 
2.978 

8.986 
8.993 
3.01X) 
8.007 
3.014 
3.02-3 
3.U29 
3.0E6 
3.m4 
SMI 
3.U58 


^85 


TABLE  IV.— RADH,  LOOABITHMS,  OFFSETS,  ETC. 


Deg. 

Radius. 

IiOga- 
rithm. 

Tan. 
Off. 

Mm. 

Ord. 

1  Deg. 

Radius. 

rithm. 

Tan. 

Off. 

Mid. 
Ord. 

n. 

». 

iQ^.  R. 

t. 

m. 

D. 

B. 

log.  R. 

t. 

m. 

14*0' 

410.275 

2.618075 

12.187 

3.aS8 

le**  0^,859.205 

2.555415 

18.917 

8.406 

8 

400.306 

.612048 

12.216 

3.065 

1          2    358.683 

.554517 

18.046 

8.504 

4 

408.841 

.611028 

12.245 

3.073 

4 

857.784 

.553621 

18.975 

8.511 

0 

407.880 

.610000 

12.874 

8.080 

6 

857.048 

.562727 

14.004 

8.518 

8 

400.424 

.608960 

12.302 

8.067 

8 

856.815 

.5518^ 

14.083 

8.526 

10 

405.473 

.607962 

12.331 

3.095 

10 

855.685 

.550944 

14.061 

8.533 

18 

404.586 

.606946 

12.860 

3.108 

12 

854.859 

.550035 

14.090 

8.540 

14 

403.583 

.605988 

12.389 

3.109 

14 

354.185 

.548169 

14.119 

8.547 

10 

40^.645 

.004928 

12.418 

3.117 

16 

353.414 

.548264 

14.148 

8.565 

18 

401.712 

.608914 

12.447 

8.124 

18 

862.690 

.547401 

14.177 

8.562 

20 

400.782 

2.002908 

12.476 

8.131 

80 

861.981  2.546519 

14.205 

8.569 

as 

899.857 

.601905 

12.604 

8.138 

22 

861.209,   .545640 

14.234 

8.577 

24 

888.087 

.600904 

12.533 

3.146 

84 

860.560 i   .544762 

14.268 

8.584 

26 

398.020 

.  59(^905 

12.562 

8.153 

26 

349.854 

.548887 

14.292 

8.591 

28 

807.106 

.598908 

12.591 

3.160 

88 

849.150 

.548013 

14.320 

8.599 

80 

896.800 

.597914 

12.620 

8.168 

80 

848.450 

.542140 

14.349 

8.606 

88 

895.896 

.596922 

12.649 

3.175 

82 

847.76S 

.541270 

14.878 

3.613 

34  doi.m 

.595933 

12.678 

8.182 

84 

347.057 

.540401 

14.407 

8.621 

86 

893.501 

.594945 

12.706 

3.190 

86 

316.865 

.539535 

14.486 

8.628 

38 

m.m 

.593960 

12.785 

3.197 

88 

345.670 

.688670 

14.404 

8.635 

40 

881.722 

2.592978 

12.764 

8.204 

40 

841.090 'a.537aoo 

14.493 

8.643 

42 

890.838 

.591997 

12.793 

3.211 

42 

844.806;   .536945 

14.582 

8.650 

44 

880.959 

.591019 

12.822 

8.219 

44 

343.625 

.536085 

14.551 

8.657 

40 

880.084 

.590043 

12.851 

8.226 

46 

842.947 

.535227 

14.680 

8.664 

48 

383212 

.589069 

12.880 

8.233 

48 

842.271 

.584370 

14.606 

8.672 

60 

387.345 

.588097 

12.906 

8.241 

50 

841.698 

.58a5t6 

14.687 

8.679 

5^ 

880.481 

.587128 

12.987 

8.248 

52 

340.928 

.532603 

14.666 

3.666 

H 

885.021 

.580161 

12.966 

3.255 

M 

310.200 

.581811 

14.695 

3.694 

50 

884.765 

.583196 

12.995 

3.263 

56 

889.693 

.5a0962 

14.723 

8.701 

W 

883.$13 

.584238 

13.024 

3.270 

58 

338.933 

.580114 

14.762 

8.708 

lft<  Q 

883.065 

2.583272 

13.053 

3.227 

17»  0 

888.273  2.599268 

14.781 

8.716 

2 

382.^ 

,5&S314 

13.081 

8.284 

2 

887.610 

.528421 

14.810 

8.723 

4 

381.380 

.58ia58 

13.110 

3.292 

4 

880.962 

.627581 

14.888 

3.730 

0 

880.543 

.580403 

13.139 

3.299 

6 

88Q.S10 

.590740 

14.867 

3.738 

8 

870.709 

.579451 

13.168 

8.306 

8 

883.660 

.583900 

14.896 

8.745 

10 

878,880 

,578=501 

13.197 

3.314 

10 

883.013 

.525002 

14.906 

8.752 

12 

$78,054 

.577553 

13.236 

3.321 

12 

834.309 

.594226 

14.964 

8.760 

14 

877.231 

,576606 

13.254 

3.928 

14 

883.727 

.62339^ 

14.962 

3.767 

19 

876.412 

.575664 

13.283 

3.336 

16 

833.068 

.522559 

15.011 

3.rr4 

18 

375.597 

.574722 

13.312 

3.343 

18 

832.451 

.521728 

15.040 

8.781 

20 

874.786 

«.578783 

13.341 

8.350 

20 

831.810  2.5aoa88 

15.088 

8.789 

22  1  873.077 

.572645 

13.370 

3.358 

22 

831.184     .SSXXm 

15.007 

a.  796 

24  .879.173 

.571910  1 13.399 

3.365 

'        84 

380.555  1   .519244 

15.126 

3.803 

28  '  872.87:2 

.570977  1 13.427 

8.372 

86 

329.928 

.538419 

15.155 

a.  811 

28    ^.&74 

.570045    13.456 

3.S79 

28 

829.303 

.517590 

15.184 

8.616 

30 

870.780 

808.969 

.569116    13.485 

8.387 

SO 

328  689 

.M6774 

15.212 

3.823 

39 

.568189    13.514 

8.394 

32 

328.061 

.515954 

15.241 

8.833 

34 

380.802 

.507264    13.543 

3.401 

34 

327.443 

515136 

15.2Z0 

8.840 

36 

368.418 

.566310    ia.572 

3.409 

86 

820.828 

.534819 

15.»9 

a.64; 

38 

867.637 

.565419    13.600 

3.416 

88 

820.215 

.513504 

15.827 

8.855 

40 

800.859 

2.5&I500     13.029 

8.423 

40 

325.604  2.512680 

15.SS6 

8.862 

49  1  800.085 

.563582 

13.668 

8.431 

42  1324.990 

.511878 

15.385 

8.869 

44 

865.815 

.562667 

13.087 

8.438 

44  1  324.390 

.541067 

15.414 

3.677 

40 

364.547 

.5617.54 

13.716 

8.445 

46  1  8ga.7S6  ,   .510258'  15.442 

a.  664 

48 

808.783 

.560843 

ia.744 

3.402 

48  '8^.184'  .506451)15.471 

8.891 

^ 

803.022 

.5a993a 

13.773 

8.460 

50 

322.585 

.5086431  15.500 

?.699 

\       58 

302.204 

.559020 

13.802 

8.467 

52 

321.989 

.507840 

15.529 

8.906 

64 

861.510 

.558120 

13.881 

8.474 

54 

321.894 

.507037 

15.557 

3.913 

'       66 

360.758 

.557216 

13.860 

3.482 

56 

820.801 

.506236 

16.586 

a  920 

68 
I       60 

860.010. 

.556315 

13.889 

8.489 

1        58 

320.211 

.S0543fV 

15.015 

&«28 

aiW.206 

2.655415 

13.91713.'^ 

i        60    319.623: 2.  Sfi4688j 

15.648 

afl)9 
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TABT.K  IV.- 

-RADH,  LOGARITHMS,  OFFSETS, 

KTO. 

• 

Beg. 

RadiiiR. 

Loga- 
rithm. 

Off. 

Mid. 
Ord. 

Deg. 

Radius. 

Loga- 
lithm. 

Tang. 

Mid. 
Ord. 

I>. 

B. 

log.B. 

t. 

m. 

B. 

B. 

log.B. 

t. 

m* 

18»  0' 

819.623 

2.504638 

15.643 

3.936 

20°  O' 

287.939 

2.469300 

17.866 

4.874 

2 

319.087 

.503841 

15.672 

3.942 

10 

285.583 

.4557331 17.508 

4.411 

4 

318.453 

.508045 

15.701 

3.950 

20 

283.267 

.462195  17.661 

4.448 

6 

317.871 

.502251 

15.780 

3.957 

30 

280.988 

.448688  17.794 

4.484 

8 

317.292 

.601459 

15.758 

3.964 

40 

278.746 

.446209  17.937 

4.521 

10 

816.715 

.500668 

15.787 

3.972 

50 

276.541 

.441759  18.081 

4.558 

12 

816.139 

.499879 

15.816 

3.979 

2P0' 

274.370 

2.438887 

18.224 

4.591 

14 

815.566 

.499091 

15.845 

3.986 

10 

272.234 

.434948 

18.867 

4.681 

16 

314.993 

.498304 

15.873 

3.994 

20 

270.132 

.431576 

18.509 

4.668 

18 

314.426 

.497519 

15.902 

4.001 

30 

268.062 

.428235 

18.662 

4.7M 

20 
22 

813.860 
313.295 

2.496786 
.495958 

15.981 
15.959 

4.008 
4.016 

.40 
60 

266.024 
264.018 

.424921 
.421633 

18.795 
18.938 

4.741 
4.778 

24 

312.732 

.495173 

15.988 

4.028 

22°  0' 

262.042 

2.418871 

19.061 

4^4 

26 

312.172 

.494893 

16.017 

4.030 

10 

260.098 

.415184 

19.224 

4.851 

28 

811.613 

.498616 

16.046 

4.088 

20 

258.180 

.411922 

19.366 

4.888 

ao 

811.056 

.492839 

16.074 

4.045 

30 

256.292 

.408734 

19.509 

4.925 

32 

810.502 

.492064 

16.103 

4.052 

40 

254.431 

.405571 

19.662 

4.961 

34 

809.949 

.491291 

16.132 

4.060 

50 

252.599 

.402431 

19.794 

4.906 

36 

809.399 

.490518 

16.160 

4.067 

28°  0' 

250.793 

2.399315 

19.937 

6.035 

38 

308.850 

.489748 

16.189 

4.074 

10 

249.013 

.896222  20.079 

5.071 

40 

306.808 

2.488978 

16.218 

4.081 

20 

247.258 

.393161 

20.222 

6.106 

42 

807.759 

.488210 

16.246 

4.089 

80 

246.629 

.890103 

20.364 

6.145 

44 

807.216 

.487444 

16.275 

4.096 

40 

243.825 

.887077 

20.507 

5.182 

46 

806.675 

.486679 

16.304 

4.103 

50 

242.144 

.884074 

20.649 

5.218 

48 
60 
52 
64 
56 
•   58 

806.186 
305.599 
305.064 
304.581 
304.000 
303.470 

.485915 
.485152 
.484391 
.468632 
•.482873 
.482116 

16.338 
16.361 
16.390 
16.419 
16.447 
16.476 

4.111 

4.118 

4.125 

4.1331 

4.1401 

4.147 

24°  O' 

10 
20 
80 
40 
50 

.240.487 
238.863 
237.241 
235.652 
234.084 
232.537 

2.381091  20.791 
.378180  20.933 
.375190  21.076 
.372270  21.218 
.3693711  21.360 
.866492  21.502 

5.255 
5.292 
6.329 
5.866 
5.402 
5.439 

IS**  0' 

802.948 

2.481361 

16.505 

4.155 

,26°  0'  281.011 

2.868638  21.644    5.476 

2 

302.417 

.480607 

16.538 

4.162 

10 

229.606 

.86079*  21.7861  5.618 

4 

301.893 

.479654 

16.562 

4.169 

20 

228.020 

.367974  21.928,  6.549 

6 

801.371 

.479102 

16.591 

4.177 

80 

226.555 

.356173  22.070  |  6.586 

8 

300.851 

.478352 

16.620 

4.184 

40,225.108 

.352391'  22.212 

5.623 

10 

300.338 

.477603 

16.648 

4.191 

60   228.680 

.849627  22.353 

5.660 

12 
14 
16 
18 

299.816 
299.302 
298.789 
298.278 

.476855 
.476109 
.475364 
.474621 

16.677 
16.706 
16.734 
16.763 

4.199 
4.206  1 
4.218 
4.221, 

26°  O'l  222.271 
10   220.879 
20  1  219.506 
80  ;  218.150 

2.346882  22.495 
.344155  22.637 
.341446  22.778 
.338755  22.920 

5.697 
5.734 
5.770 
5.807 

20 

297.768 

2.478878 

16.792 

4.228 

40  1  216.811 

.336081' 23.062 

5.844 

22 

297.260 

.478137 

16.820 

4.235 

50  '  215.489 

.333424  23.208 

5.881 

24 

296.755 

.472396 

16.849 

4.243 

27°  0' 1214.183 

2.330786  23.345 

5.916 

26 

296.250 

.471659 

16.878 

4.250 

10 ,  212.89;3 

.328162  23.486 

5.955 

28 

295.748 

.470922 

16.906 

4.257 

201211.620 

.826566  23.627 

5.992 

30 

296.247 

.470186 

16.985 

4.265 

30:210.362 

.322967  23.769 

6.029 

32 

294.748 

.469452 

16.964 

4.272 

40 '209.119 

.820393  28.910 

6.065 

34 

294.251 

.468718 

16.992 

4.279 

50   207.891 

.817886  24.051 

6.102 

36 
38 

298.756 
293.262 

.467986 
.467256 

17.021 
17.060 

4.287 
4.294 

28°  0' 

10 

206.678 
205.480 

2.315295' 24.1^ 
.812769  24.333 

6.189 
6.176 

40 

292.770 

2.466526 

17.078 

4.301 

20 

204.296 

.310259  24.474 

6.213 

42 

292.279 

.466798 

17.107 

4.308 

30 

203.125 

.307764  24.615 

6.250 

44 

291.790 

.465071 

17.136 

4.816  1 

40   201.969 

.806285  24.756 

6.287 

46  ;  291.303 

.464845 

17.164 

4.328 

50   200.826 

.302820  24.897 

6.324 

48 

290.818 

.463621 

17.193 

4.330 

29°  O'l  199.696 

2.300370  25.088 

6.860 

60 

290.884 

.462897 

17.222 

4.338 

10   198.680 

.297935  25.179 

6.898 

52 

289.851 

.462175 

17.250  14.845  1 

20   197.476 

.295515  26.820 

6.436 

54 

289.371 

.461455 

17.279 '4.362, 

30   196.885 

.298106  25.460 

6.4?i 

56  '288.892 

.460735 

17.308   4.360 

40   195.806 

.290716  25.601 

6.600 

58 

288.414 

.460017 

17.a36   4.867 

50   194.240 

.288388  25.741 

6.645 

60 

287.939 

2.459300 

17.805 

4.374 

80°  0' 

193.185 

2.286974 

25.888 

6.688 
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TABLE  VI.— TANQENTS  AND  EXTERNALS  TO  A  !•  CURVE. 


Angle. 

Tan- 
gent. 

Exter- 
nal. 

1  Angle. 

Tan- 
gent. 

Exter- 
nal. 

Angle. 

Tan- 
gent. 

Exter- 
nal. 

A 

T. 

£. 

A 

T. 

E. 

A 

T. 

E. 

V 

50.00 

.218 

11       / 

651.70 

26.500 

21* 

1061.0 

07.5';7 

10 

68.84 

.297 

10' 

560.11- 

27.318 

10' 

ioro.6 

09.156 

20 

06.67' 

.888 

ao 

568.53 

28.137 

ao 

1079.8 

100.75 

&0 

75.01 

.491 

30 

576.95 

28.974 

80 

1087.8 

108.35 

, 

40 

88.84 

.606 

40 

586.86 

29.824 

40 

1096.4 

103.07 

60 

91.68 

.733 

50 

598.79 

30.686 

60 

1105.1 

106.60 

2 

100.01 

.878 

12 

602.21 

31.561 

22 

1113.7 

107.24 

ao 

106.85 

1.024 

10 

610.64 

32.447 

10 

1182.4 

106.00 

20 

116.68 

1.188 

20 

619.07 

33.^7 

20 

1181.0 

110.67 

80. 

125.02 

1.304 

30 

627.50 

34.a59 

80 

1139.7 

118.85 

40 

183.86 

i.eee 

40 

635.98 

35.188 

40 

1146.4 

113.96 

60 

141.70 

1.758 

50 

644.87 

86.120 

60 

1157.0 

115.66 

8 

150.04 

1.964 

13 

652.81 

87.070 

23 

1166.7 

117.38 

10 

158.38 

2.188 

10 

661.25 

38.031 

10 

1174.4 

119.18 

ao 

166.72 

2.425 

20 

669.70 

39.006  , 

ao 

1183.1 

180.87 

80 

175.06 

2.674 

30 

678.15 

39.993 

30 

1191.8 

182.63 

40 

183.40 

2.984 

40 

686. 6l> 

40.998 

40 

1200.5 

124.41 

50 

191.74 

3.207 

60 

.    695.06 

42.004 

50 

1309.2 

126.20 

4 

aoo.08 

3.492 

14 

703,51  i  43.029  ' 

24 

1217.9 

128.00 

10 

208.43 

8.790 

10 

7ir.97 

'  44.066 

10 

1226.6 

129.88 

ao 

216.77 

4.099 

20 

730.44 

45.116 

20 

1235.8 

131.66 

30 

225.12 

4.421 

30 

7188.90 

46.178 

30 

1244.0 

133.50 

40 

288.47 

4.755 

40 

737.37 

47.258 

40 

1252.8 

135.35 

50 

241.81 

5.100 

50 

745.85 

48.341 

5Q 

ia61.5 

137.23 

5 

250.16 

5.459 

16 

754. 3!^ 

49.441 

25 

1370.8 

180.11 

10 

258.51 

5.829 

10 

762.80 

50.554 

10 

1879.0 

141.01 

30 

266.86 

6.211 

20 

771.99 

51.679 

ao 

1287.7 

148.93 

ao 

2'/5.21 

6.606 

30 

779.77 

52.818 

30 

1296.5 

144.65 

40 

283.57 

7.013 

40 

788.26 

53.969 

40 

1305.3 

146.70 

60 

291.92 

7.432 

50 

796.75 

55.132  1 

50 

1314.0 

146.75 

6 

300.28 

7.863 

16 

8Q5.25 

56.809  , 

26 

1322.6 

150.71 

10 

806.64 

8.307 

10 

813.75 

67.498 

10 

1331.6 

168.60 

ao 

316.99 

8.762 

20 

822.25 

58.699 

IS 

1840.4 

154.60 

.. 

80 

325.36 

9.230 

30 

830.76 

59.914 

1340.2 

156.70 

40 

338.71 

9.710 

40 

839.27 

61.141 

40 

1358.0 

158.72 

50 

342.06 

10.202 

50 

647.78 

62.381  1 

60 

1366.6 

160.76 

7 

360.44 

10.707 

17 

856.30 

63.6»4 

27 

18TO.6 

168.81 

10 

858.81 

11.224 

10 

864.82 

©4.900 

1          10 

1384.4 

164.86 

20 

367.17 

11.753 

20 

873.  a5 

66.178 

ao 

1393.8 

166.06 

80 

375.54 

12.294 

80 

881.88 

67.470 

30 

1408.0 

160.04 

40 

383.91 

12.647 

40 

890.41 

68.774 

40 

1410.9 

171.16 

60 

392.28 

13.413 

50 

898.95 

70.091 

60 

1419.7 

17«.«r 

8 

. 

400.66 

18.991 

18 

907.49 

71.421 

128 

1488.6 

175.41 

10 

409.03 

14.582 

10 

916.03 

72.764 

t         10 

1487.4 

177.66 

ao 

417.41 

15.184 

20 

924.56 

74.119 

30 

1446.3 

170.78 

ao 

425.79 

15.799 

30 

983.13 

75.488 

•     80 

1405.1 

161.80 

40 

484.17 

16.426 

40 

941.69 

76.869 

1         40 

14«4.0 

164.08 

^ 

442.55 
M50.93 

17.066 

60 

960.25 

78.264 

60 

1478.9 

186.80 

9 

> 

17.717 

19 

958.81 

79.671 

29 

1481.8 

188.51 

10 

459.32 

18.381 

10 

967.88 

81.092 

10 

1490.7 

190.74 

20 

467.71 

19.058 

ao 

975.96 

82.525 

ao 

1499.6 

198.99 

80 

476.10 

19.746 

80 

984.53 

83.972 

80 

1508.5 

196.25 

40 

484.49 

20.447 

40 

993.12 

85.431 

40 

1517.4 

197.58 

50 

492.88 

21.161 

50 

1001.7 

86.904 

60 

1536.8 

100.88 

10 

501.28 

21.887 

20- 

1010.3 

88.889 

30 

1535.3 

808.12 

10 

509.68 

22.624 

10 

1018.9 

89.888 

10 

1544.8 

804.44 

ao 

518.06 

88.875 

ao 

1027.5 

91.399 

30 

1568.1 

806.77 

80 

526.48 

24,138 

30 

1036.1 

92.924 

30 

1568.1 

800.18 

40 

684.89 
64§.29 

24.918 

40 

1044.7 

94.468 

40 

1671.0 

811.48 

60 

25.700 

50 

1053.3 

96.013 

60 

1680.0 

818.86 
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TABLE  VI^-TANGENTS  AND  EXTERNALS  TO  A  !•  GUI 


Angle. 

A 


31« 


32 


88 


34 


36 


36 


37 


38 


39 


40 


10 
20 
30 
40 
50 

10 
20 
80 
40 
50 

10 
20 
80 
40 
50 

10 
20 
30 
40 
50 

10 
20 
SO 
40 

so- 
lo 

20 
SO 
40 
50 

10 
20 
80 
40 
50 

10 
20 
80 
40 

50 

10 
20 
30 
40 
50 

10 
20 
80 
40 
60 


Tan- 
gent. 

T. 


1589.0 
1696.0 
1606.9 
1616.9 
1624.9 
1638.9 
1643.0 
1662.0 
1661.0 
1670.0 
1679.1 
1668.1 

1897.2 
l-iW.S 
1715.3 
1724.4 
1788.5 
1742.6 
1751.7 
1760.8 
1770.0 
1779.1 
1788.2 
1797.4 

1806.6 
1816.7 
1824.9 
1834.1 
1843.3 
1852.6 
1861.7 
1870.9 
1860.1 
1869.4 
1896.6 
1907.9 


1917 

1926 

1985 

1945.0 

964.3 

963.6 

972.9 

1962.2 

1991.5 

2000.9 

2010.2 

2019.6 

2029.0 
2038.4 
2047.8 
2057.2 
2066.6 
2078.0 
2065.4 
2094.9 
2104.3 
2113.8 
21I38.& 
S18S.7 


Exter- 
nal. 


216.25 

218.66 
221.08 
223.51 
225.96 
228.42 
230.90 
233.39 
235.90 
238.43 
240.96 
243.52 

246.06 

248.66 
251.26 
253.87 
256.50 
259.14 
261.80 
264.47 
267.16 
269.86 
272.58 
275.31 

278.05 
280.82 
283.60 
286.39 
289.20 
292.02 
294.86 
297.72 
1.59 
.47 
806.37 
309.29 

312.22 
315.17 
818.13 
821.11 
324.11 
327.12 
330.15 
833.19 
a36.25 
839.32 
842.41 
345.52 

346.64 

351.78 

854.94 

358. 

861, 

364.50 

367.72 

370.95 

874.20 

877.47 

880.76 

.884.06 


.11 
.29 


Angle. 


41* 


42 


48 


44 


45 


46 


47 


48 


49 


50 


10' 
20 
30 
40 

SO 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
80 
40 
50 

10 
20 
80 
40 
50 

10 
20 
80 

40 
60 

10 
20 
80 
40 
50 

10 
20 
80 
40 
50 

10 
20 
80 
40 
60 


Tan- 
gent. 

T. 


.4 
.3 
.1 


.1 
.1 


.2 
.2 
.3 

.4 
.5 


2611 

2621 

2631 

2641, 

2651, 

2861.6 

2671.8 

2681.9 

2692.1 

2702.8 

2718.5 

8738.7 


2142.2 
2151.7 
2161.2 
2170.8 
2180.3 
2189.9 
2199.4 
2209.0 
2218.6 
2228.1 
2237.7 
2247.3 

28M'.0 

2266.6 

2276.2 

2285.9 

2296.6 

2305.2. 

2314.9 

2824.6 

2884.3 

2844.1 

2353.8 

2868.5 

2373.3 

2383.1 

2392.8 

2402.6 

2412. 

2422. 

^132. 

2441.9 

2451.8 

2461.7 

2471.5 

2481.4 

2491.3 

2501.2 

2511.2 

2521.1 

2531.1 

2541.0 

2551.0 

2961.0 

2571.0 

2531. 0 

2601 

2601 


Exter- 
nal. 


387.86 
890.71 
894.06 
397.48 
400.82 
404.22 
407.64 
411.07 
414.52 
417.99 
421.48 
424.98 

428.60 
432.04 
435.59 
439.16 
442.75 
446.35 
449.98 
453.62 
457.27 
460.95 
464.64 
468.35 

472.08 
^5.82 
479.59 
483.37 
487.17 
490.98 
494.82 
498.67 
602.54 
506.42 
510.33 
514.25 

518.20 

522.16 

526.13 

580.13 

5M. 

538. 

542.23 

546.30 

550.39 

564.50 

558.63 

662.77 

566.94 
571.12 
575.82 
579.54 
583.78 
588.04 
592.82 
596.62 
600.93 
605.27 
609.62 
614.00 


.15 

.18 


Angle. 

Tan- 
gent. 

A 

T. 

6V    , 

2732.9 

10' 

2748.1 

20 

2753.4 

30 

2768.7 

40 

2778.9 

60 

2784.2 

52 

2794.5 

10 

9804.9 

20 

3815.2 

80 

2826.6 

40 

2836.9 

60 

2646.3 

53 

2856.7 

10 

2867.1 

20 

!|877.5 

30 

2888.0 

40 

9698.4 

50 

2908.9 

54 

2919.4 

10 

2929.9 

20 

2940.4 

30 

2961.0 

40 

2961.5 

50 

2972.1 

55 

2982.7 

10 

2993.3 

20 

3003.9 

30 

8014.5 

40 

3029.2 

50 

3085.8 

56 

3046.5 

10 

8057.2 

20 

3067.9 

80 

8078.7 

40 

3069.4 

60 

8100.2 

57 

8110.9 

10 

8121.7 

20 

8132.6 

.   80 

3143.4 

40 

3154.2 

60 

3165.1 

58 

3176.0 

10 

8186.9 

20 

3197.8 

80 

3206.8 

40 

8219.7 

50 

8280.7 

59 

8241.7 

10 

8252.7 

20 

3263.7 

30 

8274.8 

40 

3285.8 

50 

8296.9 

60 

3308.0 

10 

8319.1 

20 

8380.8 

80 

8341.4 

40 

8852.6 

60 

8868.6 

290 


TABLE  VI.— TANGENTS  AND  EXTERNALS  TO  A  1»  CURVR 


Angle. 


10' 
20 
30 
40 
90 
62 
10 
20 
80 
40 
60 


63 


64 


65 


66 


67 


68 


69 


70 


10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
») 

ao 

40 
50 

10 
20 
80 
40 
50 

10 
20 
80 
40 
60 


Tan- 
gent. 

T. 


3375.0 
3386.3 
3397.5 
3406.8 
3420.1 
3431.4 
3442.7 
3454.1 
3465.4 
8476.8 
3188.3 
8499.7 

8511.1 
8522.6 
3534.1 
8545.6 
3557.2 
3568.7 
3580.3 
3591.9 
3603.5 
8615.1 
8626.8 
3638.5 

8660.2 
3661.9 
8673.7 
8685.4 
3697.2 
3709.0 
3720.9 
3732.7 
8744.6 
3756.5 
3768.5 
8780.4 

8792.4 

8804.4 
8816.4 
3828.4 
3840.5 
3852.6 
3864.7 
3878.8 
3889.0 
8901.2 
8918.4 
3925.6 

3987.9 
3950.2 
3962.5 
3974.8 
3987.2 
3999.5 
4011.9 
4024.4 
4036.8 
4049.3 
4061.8 
4074.4 


Exter- 
nal. 

£. 


920.14 
925.85 
931.58 
987.34 
»43.12 
948.92 
954.75 
960.60 
966.48 
972.88 
978.31 
984.27 

990.24 
996.24 
1002.3 
1006.3 
1014.4 
1020.5 
1026.6 
1032.8 
1039.0 
1045.2 
1051.4 
1057.7 

1063.9 
1070.2 
1076.6 
1062.9 
1089.3 
1095.7 
1102.2 
1108.6 
1115.1 
1121.7 
1128.2 
1184.8 

1141.4 
1148.0 
1154.7 
1161.3 
1168.1 
1174.8 
1181.6 
1188.4 
1195.2 
1202.0 
1208.9 
1215.8 

1222.7 
1229.7 
1236.7 
1243.7 
1250.8 
1257.9 
1266.0 
1272.1 
1279.3 
1286.5 
1293.6 
1800.9 


Angle. 

Tan- 
gent. 

Exter- 
nal. 

A 

T. 

£. 

71° 

4066.9 

1306.2 

10' 

4099.5 

1315.6 

20 

4112.1 

1822.9 

30 

4124.8 

1880.3 

40 

4187.4 

1337.7 

50 

4150.1 

1345.1 

72 

4162.8 

1362.6 

10 

4175.6 

1860.1 

20 

4188.5 

1367.6 

30 

4201.2 

1875.2 

40 

4214.0 

1382.8 

50 

4226.8 

1390.4 

73 

4289.7 

1398.0 

10 

4252.6 

1405.7 

20 

4265.6 

1413.5 

30 

4278.5 

1421.2 

40 

4291.5 

1429.0 

50 

4804.6 

1436.8 

74 

4817.6 

1444.6 

10 

4380.7 

1452.5 

20 

4843.8 

1460.4 

30 

4856.9 

1468.4 

40 

4370.1 

1476.4 

50 

4888.3 

1484.4 

75 

4396.5 

1492.4 

10 

4409.8 

1500.5 

20 

4423.1 

1508.6 

80 

4436.4 

1516.7 

40 

4449.7 

1524.9 

50 

4463.1 

1538.1 

76 

4476.5 

1541.4 

10 

4489.9 

1549.7 

20 

4508.4 

1568.0 

30 

4516.9 

1566.3 

40 

4680.4 

1574.7 

60 

4544.0 

1588.1 

77 

4567.6 

1591.6 

10 

4571.2 

1600.1 

20 

4584.8 

1606.6 

30 

4598.5 

1617.1 

40 

4612.2 

1625.7 

50 

4626.0 

1634.4 

78 

4639.8 

1643.0 

10 

4653.6 

1651.7 

20 

4667.4 

1660.5 

80 

4681.3 

1669.2 

40 

4695.2 

1678.1 

60 

4709.2 

1686.9 

79 

4723.2 

1695.8 

10 

4787.2 

1704.7 

20 

4751.2 

1713.7 

80 

4765.3 

1722.7 

40 

4Tr9.4 

1731.7 

50 

4793.6 

1740.8 

80 

4807.7 

1749.9 

10 

4822.0 

1759.0 

20 

4836.2 

1768.2 

SO 

4850.5 

1777.4 

40 

4864.8 

1786.7 

50 

4879.2 

1796.0 

81< 


82 


83 


84 


85 


86 


87 


88 


89 


90 


Tan- 
gent. 

T. 

Exter- 
nal. 

£. 

iifi 


10' 
20 
30 
40 
60 

10 
20 
80 
40 
50 

10 
20 
80 
40 
50 

10 
20 
80 
40 
50 

10 
20 
80 
40 
60 

10 
90 
80 
40 
60 

10 
20 
80 
40 
60 

10 
20 
80 
40 
60 

10 
20 
80 
40 
60 

10 
20 
90 
40 
5^, 


4893.6 
4906.0 
4922,5 
4987.0 
4961.5 
4966.1 
4980.7 
4995.4 
5010.0 
5024.8 
5039.5 
5054.8 

5069.2 
5064.0 
5099.0 
5118.9 
5128.9 
5143.9 
5159.0 
5174.1 
5189.3 
5204.4 
5219.7 
5234.9 

5260.3 

5266.6 

6281 

6296 

6311 

5327.4 

5848.0 

6868.6 

I  6874.2 

5889.9 

I  6405.6 

I  6421.4 

'  5437.2 
6468.1 
5469.0 
6484.9 
5500.9 
6517.0 
5683.1 
6549.2 
5666.4 
6681.6 
6697.8 
6614.2 


6680.6 
5646.9 
5668.4 
5679.9 
66964 
6718.0 
6789.7 
5746.3 
5768.1 
5779.9 
5796.7 
6818.6 


1805.3 
1814.7 
1824.1 
1888.6 
1843.1 
1862.6 
1862.2 
1871.8 
1881.5 
1891.2 
1900.9 
1910.7 

1920.5 
1980.4 
1940.3 
1960.3 
1960.2 
1970.3 
1980.4 
1990.5 
2000.6 
2010.8 
2021.1 
2081.4 

2041.7 
2062.1 
2062.5 
2073.O 
2063.5 
2004.1 
2104.7 
2115.8 
2126.0 
2186.7 
2147.5 
2156.4 

2169.8 
2180.8 
2191.1 

2218!2 
2294.8 
2285.5 
2246.7 
2268.0 
2809.8 
2280.6 

8808.5 
8815.0 
L6 
.8 
19.8 
8861.5 
2878.8 
8886.1 
8307.0 
8406.9 
9M0.0 
9188.9 


TABLE  VL— TANGKOTS  AND  EXTERNALS  TO  A  1«   CURVE. 


Angle. 

Tan- 
gent. 

Ex- 
ternal; 

Angle. 

Tan- 
gent. 

Ex- 
ternal. 

Angle. 

Tan- 
gent. 

Ex- 
ternal 

A 

T. 

IC. 

A 

T. 

£. 

A 

T. 

E. 

910 

5890.5 

2444.9 

101«    , 

6950.6 

3278.1 

111" 

8336.7 

4386.1 

10' 

5847.5 

»457.1 

10' 

6»71.3 

8294.1 

10' 

8362.7 

4407.6 

so 

5864.6 

2469.3 

20 

6992.0 

3310.1 

20 

8388.9 

4429.2 

80 

5881.7 

2481.5 

30 

7012.7 

3326.1 

30 

8415.1 

4450.9 

40 

5896.8 

2493.8 

40 

7083.6 

3342.3 

40 

8441.5 

4472.7 

50 

5916.0 

2506.1 

50 

7054.5 

3358.5 

50 

8468.0 

4494.6 

92 

59S3.2 

2518.5 

102 

7075.5 

3374.9 

112 

8494.6 

4516.6 

10 

5950.5 

2531.0 

10 

7096.6 

3391.2 

10 

8521.3 

4538.8 

20 

5967.9 

2543.5 

20 

7117.8 

3407.7 

20 

8548.1 

4561.1 

ao 

5965.3 

2556.0 

30 

7139.0 

3124.3 

30 

8575.0 

4583.4 

40 

6008.7 

2568.6 

40 

7160.3 

3440.9 

40 

8602.1 

4606.0 

50 

6020.2 

2581.3 

50 

7181.7 

3457.6 

50 

8629.3 

4628.6 

93 

6037.8 

2594.0 

103 

7203.2 

3474.4 

113 

8656.6 

4651.3 

10 

6055.4 

2806.8 

10 

7224.7 

3491.3 

10 

8684.0 

4674.2 

ao 

6073.1 

2619.7 

20 

7246.3 

3508.2 

20 

8711.5 

4697.2 

90 

6090.8 

2632.6 

SO 

7268.0 

3625.2 

30 

8739.2 

4720.3 

40 

6106.6 

2645.5 

40 

7289.8 

3542.4 

40 

8767.0 

4743.6 

50 

6126.4 

2658.5 

50 

7311.7 

3559.6 

50 

8794.9 

4766.9 

94 

6144.3 

2671.6 

104 

7333.6 

8576.8 

114 

8822.9 

4790.4 

10 

6162.2 

2684.7 

10 

7355.6 

3594.2 

10 

8851.0 

4814.1 

ao 

6180.2 

2697.9 

20 

7377.8 

8611.7 

20 

8879.3 

4837.8 

ao 

6196.3 

2711.2 

30 

7399.9 

8629.2 

30 

8907.7 

4861.7 

40 

6216.4 

2724.5 

40 

7422.2 

3^46.8 

40 

8936.3 

4885.7 

50 

6234.6 

2737.9 

60 

7444.6 

3664.5 

50 

8965  0 

4909.9 

96 

625^.8 

2751.3 

105 

7467.0 

3682.3 

115 

8993.8 

4934.1 

10 

6271.1 

2764.8 

10 

7489.6 

3700.2 

10 

9022.7 

4958.6 

20 

6289.4 

2778.3 

20 

7512.2 

8718.2 

20 

9051.7 

49a3.1 

3or 

6307.9 

2792.0 

30 

7534.9 

3736.2 

30 

9080.9 

5007.8 

40 

6326.3 

2805.6 

40 

7557.7 

8754.4 

40 

9110.3 

5032.6 

50 

6344.8 

2819.4 

60 

7580.5 

3772.6 

50 

9139.8 

5057.6 

96 

6363.4 

2833.2 

106 

7603.5 

8791.0 

116 

9169.4 

5082.7 

10 

6382.1 

2847.0 

10 

7626.6 

3809.4 

10 

9199.1 

5107.9 

20 

6400.8 

2861.0 

20 

7649.7 

8827.9 

20 

9229.0 

5133.3 

80 

6419.5 

2875.0 

30 

7672.9 

8846.5 

30 

9259.0 

5158.8 

40 

6438.4 

2889.0 

40 

7696.3 

8865.2 

40 

9289.2 

5184.5 

50 

6457.3 

2903.1 

•      50 

7719.7 

8884.0 

50 

9319.5 

5210.3 

97 

6476.2 

2917.3 

107 

7743.2 

8902.9 

117 

9349.9 

5236.2 

10 

6495.2 

2931.6 

10 

7766.8 

3921.9 

10 

9380.5 

5262.3 

20 

6514.3 

2945.9 

20 

7790.5 

8940.9 

20 

9411.3 

5288.6 

ao 

6533.4 

2960.3 

30 

7814.3 

8960.1 

30 

9442.2 

5315.0 

40 

6552.6 

2974.7 

40 

7838.1 

8979.4 

40 

9473.2 

5341.5 

60 

6571.9 

2989.2 

50 

7862.1 

3998.7 

50 

9504.4 

5368.2 

98 

6591.2 

3008.8 

108 

7886.2 

4018.2 

118 

9535.7 

5395.1 

10 

6610.6 

3018.4 

10 

7910.4 

4037.8 

10 

9567.2 

5422.1 

20 

6630.1 

3033.1 

20 

7934.6 

4057.4 

20 

9598.9 

5449.2 

80 

6649.6 

3047.9 

30 

7959.0 

4077.2 

30 

9630.7 

5476.5 

40 

6669.2 

3062.8 

40 

7983.5 

4097.1 

40 

9662.6 

5504.0 

50 

6688.8 

8077.7 

50 

8008.0 

4117.0 

50 

9694.7 

5531.7 

99 

6708.6 

3092.7 

109 

8082.7 

4137.1 

119 

9727.0 

5559.4 

10 

6728.4 

3107.7 

10 

8057.4 

4157.3 

10 

9759.4 

5587.4 

20 

6748.2 

3122.9 

20 

8062.3 

41V7.5 

20 

9792.0 

5615.5 

ao 

6768.1 

3138.1 

30 

8107.3 

4197.9 

•  80 

9824.8 

5643.8 

40 

6788.1 

3153.3 

40 

8132.3 

4218.4 

40 

9857.7 

5672.3 

50 

6808.2 

3168.7 

50 

8157  5 

4239.0 

50 

9890.8 

57  0.9 

100 

6828.3 

3184.1 

110 

8182.8 

4259.7 

120 

9924.0 

5729.7 

.  10 

6848.5 

3199.6 

10 

8208.2 

4280.5 

10 

9957.5 

5758.6 

20 

6866.8 

3215.1 

^ 

82:33.7 

4301.4 

20  i  9991.0 

5787.7 

ao 

6889.2 

3230.8 

30 

8259. 3 

4332.4 

30 

10025.0 

5817.0 

40 

6909.6 

3246.5 

,    40 

cS2S5.0 

4343.6 

40 

10059.0 

5846.5 

60 

6930.1 

3262.3 

50 

8310.8 

4364.8 

50 

10093.0 

5876.1 

*tf4« 


TABt^EJ  VU.-I,ONG  CHOgpg. 


r 


Degree 

of 
Curve. 


18' 

80 
40 
5P 

10 

30 
40 
50 

IP 
20 
30 
40 
60 


Actual 
Arc, 
One 

Station. 


3 


6 


8 


9 


10 


10 
SO 
80 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
80 
40 
50 

10 
20 
80 

40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 


lOO.OOO 
.OOQ 

.opo 

.001 
.001 
100.001 
.002 
.002 
.003 


100.005 
.006 
.007 
.008 
.009 
.010 

100.011 
.013 
.014 
.015 
•017 
.010 

100.020 
.022 
.024 
.026 
.028 
.080 

100.082 
.034 
.036 
.088 
.041 


.041 

;a43 


100.046 
.048 
.051 
.054 
.0p6 
.059 

100.062 
.065 
.068 
.071 
.07o 
.078 

100.081 
.085 
.088 
.002 
.09o 
.009 
103 
.107 
.111 
.115 
.119 
.123 

100.127 


100. 


LoNd  Chords. 


9 

Stations. 


800.QOO 
99.R99 
90.^ 
99.R97 
99.990. 
99.992 
99.990 
99.98Q 
99.983 
9^.979 
99.974 

99.970 
99.964 
99.95SJ 
99.952 
99.916 
99.939 
99.931 
99.^24 
99.915 
99.907 
99.898 
99.888 

9Q.878 
99.868 
991.857 

99.aia 

99.884 
99.822 
99.810 
99.797 
99.783 
99.770 
99.756 
99.74i 

99.726 
99.710 
99.^ 
99.678 
99.662 
99.644 
99.627 
99.609 
99.591 
99.572 
99.553 
99.533 

99. 51^ 
99.492 
99.471 
99.450 
99.428 
99.406 
99.383 
99.360 
99.337 
99.313 
99.289 
99.261 
99.289 


3 

Stations. 


299..., 

^.992 

299!ot9 
299.970 
$99.95|9 
299.946 
299.932 
$99,915 
^9.8^ 

299.878 
299.857 
29d.8£(4 
^9.810 
29d.788 
209.756 
299.726 
299.695 
299.662 
209.627 
299.501 
299.558 

909.513 
^9.471 
20^.428 
299. 3g3 
399.337 
209.280 
^.289 
299.187 
299.134 
299.079 
^..023 
208.964 

298.904 
298.(^3 
298.779 
298.714 
298.648 
298.579 
298.509 
298.438 
298.364 
298.289 
298.212 
298.134 

298.054 
207.972 
297.888 
207.803 
297.716 
207.628 
297.538 
297.416 
297.  a52 
2&7.257 
2^)7.160 
297.002 
296.962 


station^. 


390  998 
899.992 
899.981 
399.966 
399.947 
899.924 
^99.896 
399.865 
399.829 
899.789 
399.744 

899.695 
aa9.643 
399.586 
899.521 
899.459 
899.889 
899.315 

)9.154 
899.008 
898.977 
398.88^ 

898.782 
.679 
)8.57i 
898. 
898.; 
898.223 
398.099 
a8r?.970 
897.887 
397.700 
897.559 
897.41|3 

897. 264- 
.110 
.952 
896.790 
896.623 
396.453 
396.278 
806.099 
895.916 
895.729 
895.538 
395.  ai2 

395.142 
3^.938 
391.731 
891.518 
891. 8d2 
301.082 
893.857 
396.629 
893.396 
393.159 
:«)2.918 
392.673 
392.424 


stations. 


.996 

:m 

409.9^ 

409.H£i8- 

409. 

400. 

409.6^7 

409.577 

4^.488 

499.391 
490.285 
409.171 
409.019 
408.918 
-^.778 
498.630 
408.474 
408.9^ 
408.136 
407.965 
497.765 

497.566 
497.8^ 
407.145 
406.921 
406.689 
406.449 
4^.201 
405.941 
405.678 
405.405 
405.1^ 
491.882 

491.584 
491.227 
403.912 
403.588 
403.2^7 
492.927 
492.568 
402.^2 
491.847 
<^1 .474 
4^1. 06a 
490.794 

490.806 
439.900 
489.486 
489.064 
486.634 
488.106 
487.749 
487.2!»4 
486.882 
486.361 
4a5.882 
485.305 
481.900 


6 

-Statiops. 


599.993 

599:933 

590.8^ 
590.815 
590.733 
599.6f7 
1.536 
:401 
690.260 
690.105 

598.931 
598. 7S9 
50^.550 
598.336 
59^.106 
597.863 
59(7.601 
597.3^ 
59q'.0l3 
596.'740 
596.423 
596.091 

595.741 
595.39a 
505.007 
594.617 
591.212 
593.792 
593.358 
592.960 
59^.446 
59t.968 
591.476 
590.971) 

590.449 

689.91^ 
580.9M 
688.800 

m.&» 

587.021 
586.4^ 
585.765 
686.115 
684.451 
688!i778 

588.061 
682.S?& 
68a.65i 
580.990 
589.179 
679.409 
0^8.633 
677.80 
677.0« 

57(J.»» 
67&.990 

924.515 
67S.68S 


ii\fii 


TABLB  Vn.-LONa  CHORDS. 


Degree 

Qf 

Curve. 


0»10 

SO 

ao 

40 
60 
1 
10 

ao 


Long  Chords. 


2 


8 


6 


6 


e 


10 


JO 
00 

ao 

40 
50 

30 
20 

ao 

40 
60 

JO 
ilO 
30 
40 
50 

10 

ao 
ap 

40 
50 

10 

m 

40 
50 

10 

ao 

80 
40 
50 

10 
20 
30 
40 
50 

10 

ao 

80 
40 
50 


Statioxks. 


690.053 
699.8^ 
69Q.810 
699.704 
699.574 
699.490 
699.343 
690.041 
698. 81Q 
606.5^7 

696.295 
608.000 
697.680 
697-388 
6a«.97J 
696.58J 
69fi.J6d 

695.  rai 

695.271 

684.787 
694.280 
6^.750 

608.106 
69^.619 
602.018 
691.395 
600.748 
600.079 
660.386 
688.670 
68f.980 

686.384 
685.576 

684-745 
688.899 
6S3.016 
.1J7 


681.195 
.251 


679.285 

678.296 
677.284 
676.260 
676.194 
674.11i5 

678.015 
671.8ft8 
670.7^ 
669.581 
668.393 
667.182 
665-050 
6i^.697 
668.4^1 
662.1^4 
G0.aO6 
660.466 
658.106 


8 

Stations. 


799-9^ 
799.84Q 
799-710 
790.556 
799. 3IK) 
790.130 
796.863 
798.569 
798-1^ 
797.85^ 

797.444 
797  000 
796. 
796. 
795.459 
t94.8r4 
794-055 
798-600 
798.911 
92-186 
91-427 
^90.^ 

780.80JI 
788.909 


71 


786.140 
785.188 
784.101 

.030 
U-925 
780.786 
779-612 
778.40^ 

777.165 
775.890 
774.580 
773.240 

771.864 
770.465 
769.014 
767.639 
766.030 
764. 490 
762.916 
761.309 

769.670 
757.999 
766.205 
754.660 
75^-792 
750.998 
749.161 
747.309 
745.404 
743.479 
741.522 
739.5.35 
737.616 


a 

S(at(iqn9. 


890.974 
899.899 
899.770 
899.5^ 
899. 3(^ 
899.086 
898.757 
898.376 
807.945 
897.4^ 
896.931 

896.349 
895.716 
895-033 
894.299 
893.515 
892.681 
891.798 
890.864 
889.880 
888.846 
887.763 
886.630 

885.448 
.017 
$2,936 
881.606 
880.208 
878.800 
877.324 
8'5'5.800 
874.227 
872.605 
870.936 
8jS9.2|9 

867.454 
865.642 
863.782 
861.875 
859.922 
^67.901 
855.874 
863.780 
861.640 
849-455 
847.504 
844.947 

840.625 
.268 
i7.845 
885.389 
832.888 
830.342 
827.754 
825.121 
802.445 
819.726 
816.965 
814.160 
811.314 


10 


999.966 
.860 
1.686 
999-440 
108 

997;708 
997. 17p 
996.513 
995.780 

.981 
.110 
90$. 173 
992.165 
901.088 
980:943 
988:729 
987. 
986 

984^677 
988.190 
961.636 

980.014 
978.32^ 
976.569 
974.746 

m.m 

970.900 
968.877 
9^.788 
964.634 
962.415 
9U0.130 
957.780 


960.345 
947.7^9 
945.069 

mw 

939.542 
936.684 
933.764 
930.783 
927.741 
924.638 

921.474 
918.250 
914.9^6 
911.628 
908.201 
904.7I5I 
1.240 
197.667 
894.033 
8SO.343 
886.597 
882.795 
878.938 


90 
89' 


11 

Statjpps. 


099-9^ 
099.81 
09^.68 
099.25 

84 

m 

Q07.72 

09^ 


02 
23 
09^.35 
Q94.38 

0^.15 
090.90 
069.56 
088-12 
086-60 
084.98 
083.28 
081.48 
079.59 
077.61 
075.54 

m 

071 
068.81 
066.38 
063-87 
061.^7 
058.59 
055.W 
052-96 
1050.01 
016.97 
Q13-86 

040.66 
037.37 
034.01 
030.56 
027.02 
023.40 
019.70 
015.93 
013.07 
13 
11 
01 

995. 

991. 

987.250 

982.844 

978.362 

973.806 

969. J75 

964.471 

959.694 

954.844 

949.904 

944.J)3;3 

939.871 


1^ 

Stations. 


1199 

1199 

1199.46 

1199.03 

1196.49 

1197.8} 

1107.01 

li§6.13 

1105. 11 

1193.96 

1192.69 

1191.31 

IJ^J.80 

1168.18 

l|86.4d 

1184.57 

1J82.59 

1180.4! 

1178 

1175.94 

1173.49 

1170.93 

1168.25 

1165.46 
1162.54 
1:  59.51 
1156.37 
1153.12 
1149.76 
1146.28 
1142.69 
1188.99 
1135.18 
1:  31.26 
1137.24 

1123.10 
1118.86 
1114.51 
ljlO.05 
1105.49 
1100.83 
1096.06 
1091.19 
1086.22 
1081.15 
1075.98 

iaro.7i 

1065.34 
1059.88 
1054.32 
1048.66 
1042.91 
1037.06 
1081.13 
1025.11 
1018.99 
1012.79 
1006.49 
1000.12 
993.653 


3^4 


TABLE  Vn.-.LONG  CHORDS. 


r 

k           ■                m 

Long  Chobds. 

Degree 
of 

Actual 
Arc, 

Curve 

One 

2 

3 

4 

5 

6 

^^^km    W  ^Jm 

Station. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

xa*io' 

100.181 

199.218 

296.860 

392.171 

484.897 

672.818 

20 

.       .136 

199.187 

296.766 

391.914 

483.886 

571.926 

80 

.140 

199.161 

296.661 

391.652 

488.867 

571.027 

40 

.145 

199.184 

296.544 

391.387 

482.840 

570.118 

60 

.149 

199.107 

296.436 

391.117 

482.806 

560.186 

11 

100.154 

199.079 

296.325 

390.643 

481.762 

568.246 

10 

.158 

199.051 

296.214 

390.565 

481.211 

567.292 

ao 

.163 

199.028 

296.100 

390.264 

480.658 

566.824 

ao 

.168 

198.994 

295.985 

389.996 

480.066 

566.343 

40 

.173 

198.964 

295.868 

889.706 

479.511 

564.849 

BO 

.178 

198.985 

295.750 

389.414 

478.929 

568.841 

12 

100.183 

196.904 

295.629 

389.116 

478.388 

562.321 

10 

.188 

196.874 

295.506 

386.814 

477.740 

56V  287 

20 

.193 

198.848 

295.364 

388.508 

477.135 

560.1^ 

30 

.199 

198.811 

295.259 

888.197 

476.521 

560.180 

40 

.204 

198.779 

295.182 

887.883 

475.699 

658.107 

50 

.209 

198.747 

295.004 

887.565 

475.270 

557.020 

18 

100.215 

198.714 

294.874 

887.243 

474.633 

556.921 

10 

.220 

198.681 

294.742 

386.916 

478.966 

554.809 

20 

226 

198.648 

294.609 

366.586 

473.336 

658.684 

•  *      30 

232 

198.614 

294.474 

386.252 

472.675 

562.546 

40 

237 

198.579 

294.887 

385.914 

472.007 

551.396 

60 

243 

198.544 

294.199 

385.572 

471.382 

560.2^ 

14 

100.249 

198.609 

294.059 

385.225 

470.649 

549.066 

10 

255 

196.474 

293.918 

384.875 

469.966 

547.867 

20 

.261 

198.437 

293.774 

384.521 

469.260 

646.666 

30 

267 

198.401 

298.629 

364.163 

466.664 

545.458 

40 

274 

198.364 

293.483 

388.801 

467.840 

544.226 

60 

280 

198.327 

293.835 

383.486 

4e7.119 

542.987 

15 

100.286 

196.289 

293.185 

388.066 

466.890 

541.796 

10 

292 

198.251 

293.084 

382.691 

466.654 

540.472 

20 

.299 

196.212 

292.881 

882.313 

464.911 

580.196 

30 

.306 

198.173 

292.726 

381.981 

464.160 

687.906 

40 

.312 

196.134 

292.570 

381.546 

468.401 

586.606 

50 

.819 

198.094 

292.412 

881.156 

462.685 

686.206 

16 

100.326 

196.054 

292.252 

380.768 

461.862 

538.072 

10 

.333 

198.018 

292.091 

880.365 

461.061 

5a2.685 

20 

.389 

197.972 

291.928 

879.964 

460.298 

581.287 

30 

.346 

197.930 

291.764 

879.559 

469.496 

520.027 

40 

.353 

197.888 

291.598 

379.150 

468.696 

528.556 

50 

.361 

197.846 

291.430 

378.787 

457.866 

627.171 

17 

100.368 

197.808 

291.261 

878.320 

457.069 

625.776 

10 

.375 

197.760 

291.090 

377.900 

456.244 

524.360 

20 

.382 

197.716 

290.918 

877.475 

456.418 

828.050 

30 

.390 

197.672 

290.743 

877.047 

454.574 

521.610 

40 

.397 

197.626 

290.568 

876.615 

453.726 

520.078 

50 

.405 

197.583 

290.390 

876.179 

452.875 

618.625 

18 

100.412 

197.538 

290.211 

875.789 

462.016 

517.160 

10 

.420 

197.492 

290.031 

875.296 

451.147 

515.685 

20 

.428 

197.446 

289.849 

374.848 

460.378 

614.108 

80 

.436 

197.899 

289.665 

874.897 

449.892 

612.600 

40 

.444 

197.352 

289.479 

873.942 

448.504 

511.100 

,^   50 

.452 

197.305 

289.292 

373.488 

447.006 

600.670 

19 

100.460 

197.256 

289.104 

878.021 

446.706 

606.180 

10 

.468 

197.209 

288.913 

872.554 

445.797 

506.507 

20 

.476 

197.160 

288.722 

872.064 

444.881 

B06.O<8 

30 

.484 

197.111 

288.526    ' 

371.610 

448.967 

fiOB.479 

40 

.493 

197.062 

288.333 

871.183 

443.088 

Sm.906 

^  50 

.501 

197.012 

286.137 

870.662 

442.001 

600.820 

90 

100.510 

196.962 

287.939 

870.167    1 

441.147 

498.7M 

295 


TABLE  Vn.— LONG  CHORDS. 


Degree 

of 
Curve. 

Long  Chords. 

7 

8 

9 

10 

11 

12 

\/tAA  T  \Ja 

Stations. 

Stations. 

Station  H. 

Stations. 

Stations. 

Stations. 

10»io 

656.728 

785.467 

806.426 

875.025 

«84.741 

987.106 

20 

655.8a0 

733.387 

805.495 

871.058 

929.542 

980.478 

80 

663.806 

781. 27r 

802.524 

867.088 

924.276 

973.760 

40 

650.450 

729.137 

799.512 

862.968 

918.943 

966.967 

50 

650.983 

726.967 

796.458 

858.836 

918.544 

960.093 

11 

649.496 

724.767 

793.864 

864.656 

908.060 

953.141 

10 

647.969 

722.537 

790.280 

860.425 

902.560 

946.112 

ao 

646.460 

720.278 

787.056 

846.140 

896.957 

939.007 

ao 

644.911 

717.990 

788.843 

841.808 

891.303 

931.828 

40 

643.^2 

715.672 

780.590 

887.424 

885.586 

924.575 

50 

641.75a 

713.325 

777.296 

832.990 

879.807 

917.250 

12 

640.142 

710.950 

773.968 

828.507 

873.968 

909.654 

10 

638.512 

706.546 

770.600 

623.974 

868.070 

902.369 

ao 

636.862 

706.118 

767.193 

819.894 

862.113 

894.865 

ao 

635.191 

708.653 

763.749 

814.766 

856.099 

887.254 

40 

683.501 

701.164 

760.266 

810.092 

850.028 

879.588 

50 

631.792 

698.647 

756.749 

805.870 

843.900 

871.857 

18 

630.062 

696.108 

753.194 

800.602 

837.718 

864.063 

10 

6a8.313 

693.531 

749.603 

795.790 

881.482 

856.206 

ao 

626.544 

690.982 

745.976 

790.932 

826.192 

848.298 

ao 

624.756 

688.306 

742.813 

786.030 

818.850 

840.318 

40 

622.949 

685.653 

738.616 

781.086 

812.467 

632.286 

50 

621.123 

682.974 

734.883 

776.096 

806.013 

824.196 

14 

619.278 

680.268 

731.116 

771.066 

799.520 

816.056 

10 

617.413 

677.585 

727.315 

765.998 

792.979 

807.860 

ao 

615.530 

674.777 

723.480 

760.879 

786.389 

799.612 

30 

613.628 

671.993 

719.612 

756.726 

779.753 

791.313 

40 

611.708 

669.183 

715.711 

750.531 

778.072 

782.966 

50 

609.769 

666.348 

711.777 

745.297 

766.845 

774.571 

16 

607.812 

668.488 

707.811 

740.024 

759.575 

766.130 

10 

605.836 

660.603 

708.814 

734.714 

752.763 

ao 

603.842 

657.693 

699.785 

729.366 

745.908 

ao 

601.831 

654.758 

695.725 

728.982 

739.014 

40 

509.801 

661.799 

691.634 

718.561 

732.076 

50 

597.758 

648.817 

687.513 

713.105 

725.104 

16 

595.688 

646.810 

683.362 

707.614 

718.092 

10 

603.605 

642.780 

679.182 

702.088 

711.048 

ao 

591.505 

639.727 

674.973 

696.529 

703.969 

ao 

580.388 

686.650 

670.785 

690.988 

40 

587.258 

633.550 

666.469 

685.314 

60 

585.101 

630.428 

662.175 

679.659 

17 

582.983 

627.288 

657.854 

673.972 

10 

580.747 

624.117 

653.506 

668.256 

ao 

578.545 

620.928 

649.131 

662.510 

ao 

576.326 

617.717 

644.730 

656.735 

40 

574.091 

614.485 

640.304 

650.933 

50 

571.839 

611.232 

635.852 

645.103 

18 

569.571 

607.958 

631.375 

639.245 

10 

567.287 

604.664 

626.874 

ao 

564.988 

601.349 

622.349 

ao 

562.673 

598.013 

617.801 

40 

560.342 

594.658 

613.229 

50 

557.996 

591.283 

608.635 

19 

555.634 

587.888 

604.018 

10 

568.257 

584.475 

599.379 

ao 

660.864 

581.042 

594.720 

ao 

648.457 

577.691 

590.039 

40 

546.086 

574.131 

585.889 

50 

648.599 

570.634 

580.618 

80 

641.147 

667.128 

575.877 

206 


TABLE  Vn.-LONG  CHORD8. 


■ 

»        J « 

Long  Chords. 

Degree 
of 

Actual 
Arc, 

Curvfe. 

One 

9 

8 

4 

5 

6 

Station. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

21» 

100.662 

196.651 

286.716 

867.179 

4.35.845 

486.im 

S9 

100.617 

196.825 

285.487 

364.060 

429.806 

478.775 

S8 

100.675 

195.985 

284.101 

360.810 

428.088 

468.^0 

IM 

100.786 

195.680 

282.709 

357.488 

416.535 

467.433 

26 

100.798 

195.299 

281.262 

358.980 

409.819 

446.280 

26 

100.863 

1M.874 

279.769 

360.308 

402.891 

434.827 

37 

100.981 

194.474 

278.201 

846.566 

895.758 

4S8.092 

28 

101.002 

194.059 

276.589 

342.688 

888.428 

411.092 

29 

101.075 

198.680 

274.924 

388.704 

880.906 

8y8.846 

ao 

101.152 

198.185 

278.205 

884.607 

878.206 

886.870 

81° 

101.230 

192.728 

271.488 

880.897 

866.828 

878.686 

82 

101.812 

102.208 

269.610 

826.078 
821.664 

857.284 

86o.8ne 

3;j 

101.896 

191.764 

867.784 

349.081 

847.750 

84 

101.482 

191.261 

265.808 

817.126 

840.729 

384.556 

85 

101.672 

190.748 

263.880 

312.490 

832.234 

821.220 

86 

101.664 

190.211 

261.803 

807.76d 

828.607 

807.768 

87 

101.759 

189.665 

259.727 

802.946 

314.856 

294.222 

88 

101.857 

189.104 

257.602 

298.082 

806.987 

280.600 

89 

101.957 

188.528 

255.429 

298.028 

297.012 

266.928 

40 

102.060 

187.989 

253.209 

287.988 

287.989 

263.209 

410 

102.166 

187.384 

250.943 

282.766 

278.777 

289.479 

42 

102.275 

186.716 

248.629 

277.514 

269. 5S5 

285.750 

48 

102.386 

186.084 

246.271 

.272.188 

260.222 

212.045 

44 

102.500 

185.487 

243.868 

266.784 

250.848 

198.890 

46 

102.617 

184.776 

241.421 

261.313 

241.421 

184.776 

46 

102.737 

184.101 

288.932 

255.775 

281.9.12 

171.251 

47 

102.860 

188.412 

286.400 

260.178 

222.448 

167.824 

48 

108.985 

182.709 

23:^.826 

244.612 

21£.920 

144.512 

49 

108.114 

181.992 

231.212 

238.795 

208.877 

181.836 

60° 

108.245 

181.262 

228.558 

288.026 

193.828 

118.810 

L 
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CORRECTIONS  FOR  SCJBCHORD  LENGTHS.    |  106. 


1 


D 

60 

36 

20 

10 

D 

60 

25 

20 

10 

8» 

.004 

.008 

.003 

.001 

27« 

.349 

.218 

.179 

.002 

4 

.008 

.006 

.004 

.002 

28 

.876 

.285 

.192 

.099 

6 

.012 

.008 

.006 

.003 

29 

.408 

.252 

.206 

.106 

6 

.017 

.011 

.009 

.005 

30» 

.481 

.270 

.221 

.114 

7 

.028 

.016 

.012 

.006 

31 

.461 

.288 

.236 

.122 

8 

.030 

.019 

.016 

.008 

32 

.491 

.307 

.252 

.180 

9 

.089 

.024 

.020 

.010 

33 

.623 

.327 

.268 

.138 

IQo 

.048 

.030 

.024 

.018 

84 

.655 

.347 

.285 

.147 

11 

.058 

.036 

.030 

.015 

35 

.589 

.368 

.302 

.156 

12 

.069 

.043 

.035 

.018 

36 

.628 

.390 

.320 

.165 

13 

.081 

.050 

.041 

.021 

37 

.659 

.412 

.338 

.174 

14 

.093 

.068 

.048 

.025 

38 

.695 

.436 

.356 

.184 

15 

.107 

.067 

.055 

.028 

39 

.733 

.458 

.376 

.194 

16 

.122 

.076 

.063 

.032 

40« 

.771 

.488 

.893 

.204 

17 

.188 

.066 

.071 

.036 

41 

.811 

.507 

.416 

.214 

18 

.155 

.097 

.079 

.041 

42 

.851 

.583 

.437 

.225 

19 

.172 

.108 

.088 

.045 

43 

.898 

.559 

.458 

.236 

20<» 

.191 

.119 

.098 

.050 

44 

.986 

.586 

.480 

.248 

81 

.211 

.132 

.108 

.050 

45 

.980 

.613 

.502 

.259 

22 

.231 

.144 

.118 

.061 

46 

1.024 

.641 

.525 

.271 

28 

.253 

.158 

.130 

.067 

47 

1.070 

.670 

.549 

.283 

24 

.275 

.172 

.141 

.073 

48 

1.117 

.699 

.673 

.296 

26 

.299 

.187 

.153 

.079 

49 

1.165 

.729 

.598 

.808 

26«> 

.323 

.202 

.166 

.085 

50« 

1.214 

.760 

.623 

.821 

TABLE  VIII.— MIDDLE  ORDINATES. 


of 
Curve. 

1 

'2 

3 

4 

9 

6 

Station. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

210 

4.594 

18.224 

40.431 

70.478 

107.344 

149.809 

22 

4.814 

19.081 

42.275 

73.546 

111.741 

155.460  . 

23 

5.035 

19.9:^7 

44.108 

76.577 

116.042 

160.917 

24 

5.255 

20.791 

46.929 

79.570 

120.248 

166.172 

25 

5.476 

21.644 

47.738 

82.520 

124.342 

171.221 

26 

5.697 

22.495 

49.534 

86.427 

128.335 

176.058 

27 

5.918 

23.345 

51.317 

88.289 

132.219 

180.677 

28 

6.139 

24.192 

63.086 

91.105 

135.990 

186.075 

29 

tt.360 

25.088 

54.842 

93.873 

139.647 

189.245 

80 

6.588 

25.882 

66.583 

96.593 

143.186 

198.185 

31» 

6.805 

26.724 

58.309 

99.261 

146.603 

82 

7.027 

27.564 

60.019 

101.878 

149.896 

33 

7.250 

28.402 

61.714 

104.442 

153.068 

34 

7.473 

29.237 

63.892 

106.952 

156.110 

85 

7.696 

30.071 

65.053 

109.406 

159.023 

86 

7.919 

30.902 

66.698  ^ 

111.803 

161.808 

87 

8.143 

31.730 

68.325 

114.143 

88 

8.367 

32.557 

69.933 

116.424 

89 

8.592 

33.381 

71.524 

118.645 

40 

8.816 

34.202 

73.095 

120.805 

41» 

9.041 

S5.0S1 

74.647 

122.902 

42 

9.267 

35.837 

76.180 

124.987 

48 

9.493 

36.650 

77.693 

126.909 

44 

9.719 

37.461 

79.185 

128.815 

45 

9.946 

38.268 

80.656 

130.656 

46 

10.173 

39.073 

82.107 

47 

10.400 

39.875 

83.535 

48 

10.628 

40.674 

84.942 

49 

10.856 

41.469 

86.327 

50« 

11.065 

42.262 

87.689 

TABLE  Vni-MroDlE  ORDINATES. 


TABLE  Vm.-MIDDLE  ORDINATES. 


Degree 

of 
Curve. 

1 

» 

8 

4 

6 

6 

Station. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

0°  IC 

.036 

.145 

.327 

.588 

.909 

1.309 

20 

.073 

.291 

.654 

1.164 

1.818 

2.618 

30 

.109 

.436 

.962 

1.745 

.  2.727 

3.926 

40 

.145 

.582 

1.309 

2.327 

8.636 

6.235 

50 

.182 

.727 

1.686 

2.909 

4.545 

6.544 

1 

.218 

.878 

1.968 

8.490 

6.458 

7.852 

10 

.255 

1.018 

2.291 

4.072 

6.362 

9.160 

20 

.291 

1.164 

2.618 

4.654 

7.270 

10.468 

30 

.2sn 

1.309 

2.945 

5.235 

8.179 

11.775 

40 

.364 

1.454 

8.2TO 

5.816 

9.087 

18.U82 

50 

.400 

1.600 

8.599 

6.398 

9.994 

14.389 

2 

.436 

1.745 

8.926 

6.979 

10.908 

15.694 

10 

.473 

1.891      ' 

4.253 

7.560 

11.809 

17.000 

20 

.509 

2.036 

4.580 

8.141 

12.716 

18.304 

30 

.M5 

2.181 

4.907 

8.722 

13.623 

19.606 

40 

.582 

2.827 

5.234 

9.303 

14.529 

20.912 

50 

.618 

2.472 

6.561 

9.883 

15.435 

22.214 

3 

.654 

2.618 

5.888 

10.464 

16.341 

23.616 

10 

.691 

2.763 

6.215 

11.044 

17.246 

24.817 

20 

.727 

2.906 

6.542 

11.624 

18.151 

'    28.117 

30 

.763 

3.054 

6.868 

12.204 

19.055 

!     27.416 

40 

.800 

3.199 

7.195 

12.784 

19.959 

:    28.714 

60 

.836 

3.345 

7.522 

13.863 

20.863 

30.012 

4 

.872 

8.400 

7.848 

13.943 

B1.T66 

81.806 

10 

909 

3.635 

8.175 

14.522 

22.668 

32.603 

20 

!945 

3.781 

8.501 

15.101 

28.570 

83.806 

30 

.982 

8.926 

8.828 

15.680 

24.471 

86.189 

40 

1.018 

4.071 

9.154 

16.258 

25.872 

86.480 

50 

1.054 

4.217 

9.480 

16.837 

26.272 

87.77D 

5 

1.091 

4.362 

9.807 

17.415 

27.171 

39.059 

10 

1.127 

4.507 

10.133 

17.992 

28.070 

40.346 

20 

1.164 

4.653 

10.459 

18.570 

28.968 

41.631 

30 

1.200 

4.798 

10.785 

19.147 

29.866 

42.916 

40 

1.287 

4.943 

11.111 

19.724 

30.768 

44.196 

50 

1.273 

5.088 

11.436 

20.301 

81.658 

45.479 

6 

1.309 

5.234 

11.762 

20.877 

82.553 

46.759 

10 

1.346 

5.379 

12.088 

21.453 

33.448 

48.037 

20 

1.382 

5.524 

12.418 

22.029 

a4.341 

49.313 

30 

1.418 

5.669 

12.739 

22.604 

35.234 

60.587 

40 

1.455 

5.814 

13.064 

28.179 

36.126 

51.860 

50 

1.491 

5.960 

13.389 

23.754 

87.017 

58.180 

7 

1.528 

6.105 

13.715 

24.828 

87.907    - 

54.399 

10 

1.564 

6.250 

14.040 

24.902 

88.796 

55.666 

20 

1.600 

6.395 

14.365 

25.476 

89.684 

56.931 

30 

1.637 

6.540 

14.689 

26.049 

40.571 

58.198 

40 

1.673 

6.685 

15.014 

26.622 

41.458 

69.454 

50 

1.710 

6.831 

15.389 

27.195 

42.348 

60.  n8 

8 

1.746 

6.976 

15.663 

27.767 

43.227 

61.969 

10 

1.7(:2 

7.121 

15.988 

28.838 

44.110 

63.223 

20 

1.819 

7.266 

16.312 

28.910 

44.992 

&4.47? 

30 

1.855 

7.411 

16.636 

29.481 

45.878 

65.724 

40 

1.892 

7.556 

16.960 

80.051 

46.758 

66.972 

50 

1.928 

7.701 

17.284 

30.621 

47.682 

66.216 

9 

1.965 

7.846 

17.608 

31.190 

48.510 

e9.459 

10 

2.001 

7.991 

17.932 

31.759 

49.386 

70.699 

20 

2.037 

8.136 

18.255 

32.328 

50.261 

71.986 

30 

2.074 

8.281 

18.578 

82.896 

61.186 

78.171 

40 

2.110 

8.426 

18.902 

83.464 

62.006 

74  408 

50 

2.147 

8.571 

19.225 

84.031 

52.860 

75.6aS 

10 

2.183 

8.716 

19.548 

34.597 

53.780 

76.660 
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TABLE  VIEI.-MIDDLE  0RDINATB9. 


Degree 

Ox 

7 

8 

9 

10 

11 

1^ 

dure. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

©•KK 

i.rea 

9.887 

9.949 

8.686 

4.400 

6.986 

» 

8.563 

4.654 

5.800 

7.279 

6.799 

10.471 

80 

6.S45 

6.981 

6.8R5 

10.907 

18.197 

15.704 

40 

7.196 

9.807 

ii.rw 

14.540 

17.593 

90.936 

80 

8.907 

11.638 

14.791 

18.173 

21.967 

96.164 

I 

10.087 

13.957 

17.668 

91.803 

96.878 

31.388 

10 

19.467 

16.281 

90.608 

95.481 

80.766 

36.607 

20 

14.946 

18.604 

98.541 

99.057 

35.150 

41.891 

90 

16.094 

90.996 

96.477 

89.679 

89.580 

47.088 

40 

17.808 

93.246 

99.411 

86.296 

43.905 

52.229 

60 

19.579 

95.564 

89.348 

89.914 

48.974 

57.422 

9 

21.855 

97.881 

85.979 

43.696 

58.637 

62.606 

10 

28.180 

80.197 

8B. IBO 

47.181 

56.993 

67.780 

20 

24.908 

89.510 

41.121 

60.788 

61.843 

72.045 

90 

26.676 

34.891 

44.040 

54.330 

65.684 

78.098 

40 

26.447 

37.180 

46.956 

57.991 

70.018 

83.240 

50 

90.916 

89.436 

49.866 

61.506 

74.842 

88.370 

S 

31.964 

41.740 

59.776 

65.064 

78.657 

93.486 

10 

38.751 

44.041 

55.679 

66.666 

89.963 

98.588 

90 

35.516 

46.389 

58.577 

79.aei 

67.958 

103.675 

80 

37.979 

48.684 

61.471 

75.rre 

91.649 

108.747 

40 

39.040 

60.996 

64.360 

79.388 

96.614 

113.803 

50 

40.800 

63.915 

67.213 

69.869 

100.075 

118.841 

1 

^.657 

56.500 

70. 191 

66.408 

104.898 

123.862 

10 

44.319 

67.781 

79.999 

69.995 

106.658 

128.864 

90 

46.066 

60.009 

75.856 

93.440 

119.779 

133.847 

80 

47.816 

69.388 

78.717 

96.946 

116.986 

138.810 

40 

49.564 

64.609 

81.570 

100.489 

191.178 

143.753 

.    60 

51.810 

66.866 

64.416 

108.094 

196.856 

148.674 

6 

58.058 

69.199 

87.255 

199.617  . 

153.972 

10 

54.794 

71.386 

90.087 

110.860 

188.663 

158.448 

90 

56.539 

78.688 

99.911 

114.311 

187.791 

163.300 

30 

56.967 

75.866 

95.798 

117.751 

141.908 

168.128 

40 

59.999 

78.197 

96.586 

191.178 

146.997 

172.931 

60 

61.729 

80.364 

101.387 

124.508 

150.079 

177.708 

6 

63.455 

89.596 

104.199 

187.995 

154.129 

189.459 

10 

66.178 

64.899 

106.919 

181.884 

158.166 

187.182 

SO 

66.896 

87.048 

109.666 

m.759 

109.184 

191.878 

80 

66.615 

89.268 

119.469 

188.120 

166.182 

196.545 

40 

70.898 

91.468 

115.208 

141.468 

170.159 

901.183 

60 

72.087 

96.671 

117.964 

144.800 

174.114 

905.792 

7 

73.744 

96.868 

120.691 

146.118 

178.048 

910.370 

10 

Vs. 446 

96.069 

193.417 

151.421 

181.960 

814.916 

90 

77.145 

100.244 

126.134 

164.708 

185.850 

919.481 

80 

V«.840 

109.499 

196.840 

157.979 

189.716 

223.914 

40 

,   80.531 

104.504 

131.585 

161.284 

193.559 

228.363 

60 

89.918 

106.758 

134.219 

164.478 

197.877 

932.779 

8 

88.901 

106.916 

136.893 

167.695 

901.171 

937.160 

10 

86.580 

111.067 

139.555 

170.899 

904.941 

941.507 

90 

87.954 

118.210 

149.205 

174.086 

906.685 

945.818 

80 

88.994 

115.346 

144.844 

177.259 

919.406 

950.093 

40 

90.590 

117.475 

147.470 

180.407 

916.095 

954.331 

SO 

08.959 

119.596 

150.085 

183.589 

819.760 

958.531 

9 

98.909 

191.709 

152.687 

186.653 

998.308 

962.694 

10 

96.561 

198.814 

1.55.277 

189.748 

997.008 

966.818 

90 

97.908 

195.911 

167.854 

192.894 

980.501 

970.904 

80 

96.851 

196.000 

160.417 

195.880 

984.145 

974.949 

40 

100.489 

180.061 

169.968 

198.916 

987.670 

978.955 

50 

109.199 

189.158 

165.505 

201.932 

941.167 

969.919 

10 

108.750 

184.217 

168.029 

204.998 

944.633 

986.843 
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TABLB  Vm.-MIDDLE  ORDINATES. 


Degred 
of 

1 

9 

3 

4 

0 

6 

Curve. 

Station. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

10"  10' 

2.219 

8.860 

19.870 

35.164 

54.619 

78.088 

20 

2.256 

9.006 

20.198 

86.729 

65.486 

70.806 

30 

2.293 

9.150 

20.516 

36.294 

66.868 

80.623 

40 

2.329 

9.295 

20.888 

36.859 

67.218 

81.780 

50 

2.365 

9.440 

21.160 

87.428 

58.061 

82.951 

11 

2.402 

9.585 

21.488 

87.986 

68.948 

84.161 

10 

2.488 

9.729 

21.804 

88.549 

69.804 

86.868 

20 

2.475 

9.874 

22.126 

89.111 

60.668 

86.571 

80 

2.611 

10.019 

22.448 

89.673 

61.621 

87.772 

40 

2.547 

10.164 

22.769 

40.234 

62.377 

88.960 

50 

2.684 

10.806 

28.090 

40.796 

68.232 

00.164 

12 

2.620 

10.458 

28.412 

41.866 

64.065 

01.865 

10 

2.657 

10.597 

23.732 

41.914 

64.987 

02.541^ 

20 

2.693 

10.742 

24.058 

42.478 

66.787 

03.7^ 

30 

2.730 

10.887 

24.374 

48.081 

66.686 

04.006 

40 

2.766 

11.031 

24.694 

48.688 

67.482 

06.066 

60 

2.803 

11.176 

25.014 

44.145 

68.828 

07.260 

13 

2.889 

11.320 

25.334 

44.701 

69.171 

06.481 

10 

2.876 

11.465 

25.654 

46.256 

70.018 

00.596 

20 

2.912 

11.609 

25.974 

45.811 

70.864 

100.768 

30 

2.949 

11.754 

26.293 

46.365 

71.692 

101.022 

40 

2.965 

11.898 

26.612 

46.919 

72.529 

108.079 

50 

3.022 

12.043 

26.931 

47.472 

78.364 

104.232 

14 

8.068 

12.187 

27.250 

48.024 

74.197 

105.881 

10 

8.095 

12.331 

27.569 

48.575 

75.029 

106.527 

20 

8.131 

12.476 

27.887 

49.126 

76.850 

107.669 

80 

8.168 

12.620 

28.206 

49.676 

76.687 

108.807 

40 

3.204 

12.764 

28.524 

60.226 

77.518 

100.041 

50 

8.241 

12.908 

28.841 

60.773 

78.887 

111.071 

15 

8.277 

13.053 

29.159 

61.321 

79.169 

112.107 

10 

3.314 

13.197 

29.476 

61.868 

79.979 

118.810 

20 

3.850 

13.341 

29.794 

62.414 

80.7% 

114.488 

80 

3.387 

13.485 

30.111 

52.959 

81.614 

115.662 

40 

3.423 

13.629 

30.427 

63.504 

82.429 

116.662 

60 

3.460 

13.773 

30.744 

64.048 

88.241 

117.768 

16 

8.496 

18.917 

81.060 

64.591 

84.052 

118.870 

10 

8.533 

14.061 

81.876 

66.188 

84.861 

110.067 

20 

3.569 

14.205 

81.692 

56.676 

85.667 

121.061 

80 

3.606 

14.349 

32.006 

66.216 

86.471 

122.150 

40 

3.648 

14.493 

82.323 

66.755 

87.274 

128.285 

50 

3.679 

14.637 

32.688 

67.294 

66.074 

124.815 

17 

3.716 

14.781 

82.958 

57.882 

88.872 

125.801 

10 

8.752 

14.926 

83.267 

68.860 

89.668 

126.468 

20 

3.789 

15.069 

83.582 

68.906 

90.462 

127.580 

80 

8.825 

15.212 

88.896 

69.441 

91.254 

128.508 

40 

8.862 

16.356 

84.210 

59.978 

92.048 

120.651 

60 

C.899 

16.500 

34.523 

60.610 

92.830 

iao.704 

18 

8.985 

16.643 

84.837 

61.042 

93.616 

181.*^ 

10 

8.972 

15.787 

85.150 

61.674 

94.806 

182.797 

20 

4.006 

15.931 

86.468 

62.106 

96.179 

188.887 

30 

4.045 

16.074 

85.776 

62.686 

95.967 

184.872 

40 

4.061 

16  218 

86.088 

63.166 

96.738 

186.002 

60 

4.118 

16.361 

86.400 

68.698 

97.606 

186.028 

19 

4.165 

16.505 

36.712 

64.221 

96.278 

187.018 

10 

4.191 

16.648 

87.023 

64.747 

99.047 

188.064 

20 

4.228 

16.792 
16  985 

87.334 

66.278 

99.818 

ise.on 

80 

4.266 

87.645 

66.797 

100.577 

140.961 

40 

4.801 

17.078 

87.956 

66.821 

101.880 

141. OBS 

60 

4.888 

--'  »X)9, 

88.266 

66.848 

102.006 

14».«7B 

20 

4.874 

17.365 

.  ;.576 

67.866 

102.855 

14S.SB0 

I .   . 
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TABLE  IX.— LINEAE  DEFLECTION  TABLE. 


Deflec- 
tion. 

1 

100. 

200. 

300. 

400. 

600. 

600. 

700. 

800. 

900. 

1000. 

30^ 

0.87 

1.7S 

2.62 

3.49 

4.36 

6.24 

6.11 

6.98 

7.85 

8.73 

l** 

1.75 

3.49 

5.24 

6.98 

8.73 

10.47 

12.22 

13.96 

15.71 

17.45 

30 

2.62 

5.24 

7.85 

10.47 

13.09 

15.71 

18.33 

20.94 

28.66 

26.18 

2 

3.49 

6.96 

10.47 

13.96 

17.45 

20.94 

24.43 

27.92 

31.41 

•84.90 

30 

4.36 

8.72,  13.09 

17.45 

21.81 

26.18 

30.54 

34.90 

39.27 

43.68 

8 

6.24 

10.47 

15.71 

20.94 

26.18 

81.41 

36.65 

41.88 

47,12 

62.36 

30 

6.11 

12.22 

18.32 

24.43 

30.54 

36.65 

42.76 

48.86 

64.97 

61.06 

4 

6.98 

13.96 

20.94 

27.92 

34.90 

41.88 

48.86 

66.84 

66.82 

69.80 

30 

7.85 

15.70 

28.56 

31.41 

39.26 

47.11 

54.96 

62.82 

70.67 

78.62 

6 

8.73 

17.45 

26.17 

34.89 

43.62 

52.34 

61.07 

69.79 

78.51 

87.24 

.             30 

9.60 

19.19 

28.79 

38.88 

47.98 

67.57     67.17 

76.76 

86.36 

95.96 

6 

10.47 

20.93 

31.40 

41.87 

62.34 

62.80 

78.27 

88.74 

94.20 

104.67 

80 

11.84 

22.68 

34.02 

45.35 

56.67 

68.03 

79.37 

90.71 

102.05 

113.39 

L       7 

12.21 

24.42 

36.63 

48.84 

61.05 

78.26 

85.47 

97.68 

109.89 

122.10 

30 

13.08 

26.16 

30.24 

52.32 

65.40 

78.48 

91.56 

104.64 

117.73 

130.81 

[        8 

13.95 

27.90 

41.85 

65.80 

69.76 

83.71 

97.66 

111.61 

125.56 

139.61 

30 

14.82 

29.64 

44.47 

69.29 

74.11 

88.93 

103.75 

118.67 

133.40 

148.22 

9 

15.69 

31.38 

47.08 

62.77 

78.46 

94.15 

109.84 

125.53 

141.23 

156.92 

30 

16.56 

33.12 

49.68 

66.25 

82.81 

99.37 

115.93 

182.49 

149.06 

165.62 

10 

17.43 

34.86 

62.29 

69.72 

87.16 

104.69 

122.02 

139.45 

156.88 

174.31 

30 

18.30 

36.60 

54.90 

73.20 

91.50 

109.80 

128.10 

146.40 

164.70 

183.00 

11 

19.17 

88.84 

57.61 

76.68 

95.85 

115.01 

134.18 

163.85 

172.52 

191.69 

80 

20.04 

40.06 

60.11 

80.15 

100.19 

120.23 

140.26 

160.30 

180.84 

200.88 

12 

20.91 

41.81 

62.78 

88.62 

104.53 

125.48 

146.34 

167.25 

188.15 

209.06 

30 

21.77 

43.55 

65.32 

87.09 

106.87 

180.64 

152.41 

174.19 

196.96 

217.73 

18 

22.64 

45.28 

67.92 

90.56 

113.20 

135.84 

158.48 

181.13 

208.77 

226.41 

30 

23.51 

47.01 

70.52 

94.03 

117.54 

141.04 

164.55 

188.06 

211.67 

285.07 

14 

24.87 

48.75 

78.12 

97.60 

121.87 

146.24 

170.62 

194.99 

219.86 

243.74 

30 

25.24 

50.48 

75.72 

100.96 

126.20 

161.44 

176.68 

201.92 

227.16 

252.40 

16 

96.11 

52.21 

78.32 

104.42 

130.53 

156.68 

182.74 

206.84 

234.95 

261.06 

30 

26.97 

53.94 

80.91 

107.88 

134.85 

161.82 

188.79 

215.76 

242.78 

269.70 

16 

27.88 

55.67 

83.50 

111.34 

189.17 

167.01 

194.84 

222.68 

250.51 

278.85 

30 

28.70 

57.40 

86.10 

114.79 

143.49 

172.19 

200.89 

229.59 

258.29 

286.99 

17 

29.56 

59.12 

88.69 

118.25 

147.81 

177.37 

206.93 

236.50 

266.06 

296.62 

30 

80.42 

60.85 

91.27 

121.70 

152.12 

182.55 

212.97 

243.40 

273.82 

304.25 

18 

81.29 

62.57 

93.86 

125.15 

156.43 

187.72 

219.01 

250.30 

281.58 

812.87 

30 

82.15 

64.30 

96.45 

128.59 

160.74 

m.89 

225.04 

257.19 

289.34 

321.49 

19 

83.01 

66.02 

99.03 

132.04 

165.05 

19fe.06 

231.07 

264.08 

297.08 

330.09 

30 

83.87 

67.7^ 

101.61 

135.48 

169.35 

203.22 

237.09 

270.96 

304.83 

888.70 

20 

84.73 

69.46  104.19 

138.92 

173.65 

206.38 

243.11 

277.84 

812.57 

347.30 

30 

35.59 

71.18  106.77 

142.36 

177.94 

213.53 

249.12 

284.71 

320.30 

355.89 

21 

36.45 

72.89  109.34 

145.79 

182.24 

218.68 

255.13 

291.58 

328.02 

364.47 

30 

37.30 

74.61 

111.91 

149.22 

186.52 

228.83 

261.18 

298.44 

836.74 

373.06 

22 

88.16 

76.32 

114.49 

152.65 

190.81 

228.97 

267.13 

306.29 

843.46 

381.62 

30 

89.02 

78.04 

117.05 

156.07 

195.09 

234.11 

273.13 

312.14 

851.16 

390.18 

28 

39.87 

79.75 

119.62  159.49 

199.37  239.24 

279.12 

818.99 

368.86 

898.74 

30 

40.78 

81.46  122.19  162.91 

203.64  244.37 

286.10 

826.83 

866.66 

407.28 

24 

41.58 

83.16 

124.75 

166.33 

207.91!  249.49 

291.08 

332.66 

874.24 

416.82 

30 

42.44 

84.87 

127.31 

169.74 

212.18 

254.61 

297.05 

339.48 

381.92 

424.36 

25 

43.29 

86.58 

129.86  173.15 

216.44 

259.73 

303.02 

864.80 

389.59 

482.88 

30 

44.14 

88.28 

132.42 

176.56 

220.70 

264.84 

308.98 

853.12 

397.26 

441.89 

26 

44.99 

89.98  134.97 

179.96 

224.95  269.94 

314.93 

859.92 

404.91  449.90 

30 

45.84 

91.68  137.52 

183.36 

229.20  275.04 

820.88 

866.72 

412.56  468.40 

27 

46.69 

93.88  140.07 

186.76 

2a3. 45  280.14 

326.82 

873.61 

420.201 

466.89 

30 

47.64 

95. 071142.61 

190.15 

237.69  2a5. 22 

882.76 

380.30 

427.83 

475.37 

28 

48.38 

96. 77. 145. 15' 193.54 

241.92  290.31 

838.69 

387.08 

435.46  483.84 

30 

49.28 

98.46,147.69  196.92 

246.15  295.88 

844.62 

393.86 

443.08;  492.31 

29 

50.06 

100.15  150.23!  200.80 

250.38  800.46 

860.63 

400.16 

460.68  500.76 

90 

60.92 

101.84 

152.76 

203.68 

254. 60  i  305.52 

866.44 

407.36 

458.28 

609.20 

80 

51.76 

108.58 

155.29 

207.06 

258. 82  810.59 

862.36 

414.11  465.871 

517.64 

.  .^^ 


TABLE  X.-^OEFFIQI£KTS  FOR  VAI^VOIX)  ARCS. 


I.— RiTIO  OF  W  =  —  • 


L 

lOo 

800 

.8518 

400 

.8^7 

600 

.3400 

600 

.8879 

700 

.8367 

800 

.8360 

900 

.8358 

1000 

.8860 

1300 

.8345 

1600 

.8840 

SOOO 

.8837 

20«  i  80° 

I 

.3516  .8514 
.8436;. 3488 
.8806  .3896 
.88781.8876 
.88661.8864 


.8868 
.8859 
.8&18 
.3848 
.8839 
.8&36 


.8866 
.8860 
.8846 
.8841 
.8387 
.8333 


40*' 

50« 

60' 

70O 

.3510 

.3506  .35001.3498' 

.3430 

.3436 

.3421 

.8415! 

.8393 

.8389 

,3383 

.3379 

.3378 

.8369 

.3865 

.3860 

.3361 

.8357 

.3353 

.8347 

.3358 

.8349 

.8345 

.8340 

.3348 

.8844 

.3840 

,3334 

.8344 

.8340 

.3886 

.8831 

.8389 

.3336 

.3881 

.8326 

.3835 

.8331 

.3887 

.8322 

.8331 

.3328 

.3824 

.8819 

.8485 
.8408 
.8872 
.8863 
.8841 
.3883 
.8328 
.38l» 
.3820 
.381G 
.3813 


90« 

100« 

110«» 

.3476 

.3466 

.3465 

.3399 

.3300 

.3380 

.3864 

.3356 

.3345 

.3346 

.3387 

.3327 

.3384 

.3326 

.3316 

.8326 

.3316 

.asoft 

.3821 

.3813 

.3304 

.3317 

,3310 

.3301 

.3318 

.3306 

.3296 

.3309 

.8301 

.3263 

.3806 

.3298 

.8280 

:20" 


n.— Ratio  op  «  =  —  • 


I< 

10«   30O 

SO* 

40» 

.7588 

50^ 

60« 

70<» 

80« 

90* 

100« 

110^ 

-20° 

300 

.7706!.  7683 1.7643 

.7518!. 7483 

.7382!. 7218 

.7090 

.6949 

.67W 

6630 

400 

.7611  .7688  .7649 

.7495 

.7425!. 7341 

.7243  .7130 

.7004 

.6865 

.6714 

6561 

500 

.7568  .7545  .7506 

.7452 

.7384 

.7300 

.7203  .7091 

.6966 

.6828 

.6678 

6516 

600 

.75451.7532  .7483 

.7430 

.7361 

.7878 

.7181  .7070 

.6946 

.6806 

.6660 

frWD 

700 

.7531 1.75081.7469 

.7416 

.7348 

.7365 

.71681.7067 

.6988 

.6797 

.6648 

6487 

800 

.7522  .74991.7461 

.7407 

.7839 

.7257 

.7160  .7049 

.69261.6789 

.6640 

.«480 

900 

.7516  .7492 '.7454 

.7401 

7333 

.7251 

.7154  .7044 

.6920 

.6784 

.6635 

.6475 

1000 

.7512  .7480 1.7450 

.7897 

.7339 

.7847 

.71501.7040 

.6917 

.6780 

.6682 

.6473 

1200 

.7505 1.7483  .7444 

.7891 

.7334 

.7241 1.7145 1.7035 

.6913 

.6775 

.6627 

.6468 

1500 

.7501  .74781.7440 

.7387 

.7319 

.7287 

.7141 

.7031 

. 6908 i. 6773 

.6624 

.$m 

2000 

.7497  .74741.7436 

1     1 

.7388!. 7316 

1 

.7234 

.7187 

.7028 

.6904  .6760 

.0621 

.6161 

in.— Ratio  of  I,  = 


=  Length  of  Valtoid  Arc  corrbbpomduyo 


to  a  Change  of  One  Dborbe  in  thb  Angle  a 


20* 


300 

400 

500 

GOO 

700 

800 

900 

1000 

1100 

120.) 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 


,1 


2.63 

3.49 

4.36 

5.23 

6.10 

6.97 

7.85 

8.7^2 

9.59 
10.46  10 
11.33  11 
12.21  13 
13.08,18 
13.95,13 
14.82 il4 
15.09  15 


61 
48 
35 
32 
09 
95 
83 
69 
56 


80° 


40°   '  50°   I  60° 


16.57 
17.44 


16 
17 


48,10. 
30,11. 
17  13. 
(M13, 
.91  18 
.78  14, 
.65  15 
.53,16 
.89:17 


60 
46 
33 
19 
06 
93 
,79; 
65| 
.53 

.88  10. 

.25  11. 

.11  12 

.98,12 

84'l3, 

71  14, 

57  15 

44|16 

30ll7 


59 

44! 

30 

16 

03, 

871 

73 

59 

45 

81 


2. 
3 
4. 

6, 
5 
6 

7, 

8, 

9 

10 


17  11 
03111 
89,12 
75  13 


57 
42 
36 
11 
96 
83 
67 
53 
87 
33 
07 


3. 
3. 

4. 

5. 

5. 

6. 

7. 

8. 

9. 
10. 
10. 


93111 
78;  13 
63 1 13 


61 
47 
33 
19 


14 
15 
16 
17 


.48 
..33 
.19 
.04 


14 
15 
16 
16 


55 
38 
23 
06 
90 
74 
59 
43 
27 
11 
96 
80 
64 
49 
33 
17 
01 
86 


3 

3 

4 

4 

6 

6 

7 

8 

9 

9 

10 

11 

12 

14 
15 
1 16 


80°   90° 


100°  !  110°  I  130° 


.53 

.m 

.17 

.99 

.83 

.66 

.49 

.83 

.16 

.99 

.83 

.6!i 

.48  13. 

.82  13. 

.4^118. 

."m  14, 

.81  15, 
.6516 


3 
3 
4, 
4. 
5 
6 
7. 
8. 
9 
9. 
10, 
11. 


49 
30 
11 
93 
74 
56 
38 
20 


02'  6. 
84<  0. 
66  10. 
48  11. 
80  12. 
13  12. 
&4  13. 
76  14 
58  15. 
40  16 


.46 
,35 
.06 

65 
46 
26 
07 
87 
68 
49 


3 
3 
4 
5 
6 
7 
7 
8 
9 
10 


29  11 


10 
91 
71 
53 


11 
12 
18 
14 


83;  15 
18  16 


.43j 

.30l 

.98, 

.75! 

.541 

.83 

.13 

.99, 

.71' 

.60 

.39 

.081 

.88 

.67 

.46 

.26 

.04 


2.88 
8.14 
8.90! 
4.65 
6.43, 
6.20 
6.98' 
T.75, 
6.631 
0.81 
10.08 1 
10.66 
11.68' 
1».41 
18.16 
18.96 
14.78 
15.51 


2.34 

8.0H 

8.81 

4.55 

6.81 

6.06 

6.83 

7.68 

8.34 

0.09 

9.85 

10.61 

11.87 

If.  13 

12.8B 

18.M 

14.40 

16.16 


inr4 


TABLE  XI.— TtKNOOTS    AKD   SWITCHES    FROM   A   STRAIGHT 

TRACK.    §§  180,  181,  182. 


Gauge,  4  Fbrt  ^  Inches 

=  4,708. 

Throw,  5  Inches  =  0.417. 

No. 

An^le 

Dist. 

Chord 

Switch 

Radius 

Log'thm. 

Degree 

n. 

F. 

BF. 

a/. 

AJ). 

r. 

log.  r. 

of  Curve. 

4 

14"  15' 00* 

87.664 

87.378 

11.209 

150.666 

2.177986 

88°  45' 57" 

^ 

12  40  49 

42.872 

42.118 

12.610 

190.674 

2.280292 

80  24  09 

5 

11  25  16 

47.080 

46.846 

14.012 

235.400 

2.371806 

24  81  86 

5H 

10  28  20 

51.788 

51.575 

15.413 

284.834 

2.454592 

20  13  13 

6 

9  SI  39 

56.496 

56.801 

16.814 

338.976 

2.580169 

16  57  52 

6H 

8  47  51 

6X.2a4 

61.024 

18.215 

397.826 

2.599693 

14  26  25 

^ 

8  10  16 

65.912 

65.744 

19.616 

461.884 

2.664068 

12  26  84 

714 

7  37  41 

70.620 

70.464 

21.017 

529.650 

2.728989 

10  50  02 

8 

7  09  10 

75.328 

75.181 

22.418 

602.624 

2.780046 

9  31  07 

8V^ 

6  43  59 

80.086 

79.898 

23.820 

680.306 

2.832704 

8  25  47 

9^ 

6  21  35 

84.744 

84.613 

25.221 

762,696 

2.882352 

7  81  04 

9H 

6  01  32 

89.452 

89  328 

26.622 

849.794 

2.929814 

6  44  46 

JO* 

5  48  29 

91.160 

94.043 

28.023 

941.600 

2.978866 

6  05  16 

lOVlS 

5  27  09 

<lo.aoc5 

96.756 

29.424 

1038.114 

3.016245 

5  31   17 

u  - 

5  12  18 

108.576 

103.469 

30.825 

1139.336 

3.056652 

5  01  50 

IIH 

4  68  45 

108.2&4 

108.182 

32.227 

1245.266 

3.095262 

4  36  06 

12 

4  46  19 

112.992 

112.894 

as. 628 

1355.904 

3,132229 

4  13  36 

Gauge,  3  Feet.    Throw,  4  Inches  =  0.883. 


140 

15' 00' 

12 

40 

49 

11 

25 

16 

10 

23 

20 

9 

81 

39 

8  47 

51 

8 

10 

16 

7 

87 

41 

7 

09 

10 

6 

43 

59 

6 

21 

35 

6 

01 

32 

5 

43 

29 

5 

27 

09 

5 

12 

18 

4 

58 

45 

4 

46 

19 

Dist. 

Chord 

Switch 

BF. 

af. 

AD. 

24 

23.815 

8 

27 

26.aS5 

9 

80 

29.851 

10 

83 

32.865 

11 

86 

35.876 

12 

89 

38.885 

13 

42 

41.893 

14 

45 

44.900 

15 

48 

47.906 

16 

51 

50.912 

17 

54 

53.917 

18 

57 

56.921 

19 

60 

59.925 

20 

63 

62.929 

21 

66 

65.932 

22 

(i9 

68.935 

23 

72 

71.938 

21 

Radius 
r. 


Log'thm. 
log.  r. 


96.0 
121.5 
LW.O 
181.5 
216.0 
253.5 
294.0 
337. 
384. 
4.33. 
486. 
541 


.5 
.0 
.5 
.0 
.5 


600.0 
661.5 
726.0 
793.5 
861.0 


1.982271 
2.084'J76 
2.176091 
2.258877 
2.334454 
2.408978 
2.468;«7 
2.528274 
2.5&1331 
2.636989 
2.6866.36 
2.7:3a'598 
2.778151 
2.820530 
2.860987 
2.899!547 
2.9:36514 


Degree 
of  Curve. 


62°  46'  34- 

48  36  04 

38  56  33 

31  58  55 

26  46  07 

22  45  04 

19  35  01 

17  02  21 

14  57  48 

13  14  47 

11  48  37 

10  35  46 

9  33  88 

8  40  12 

7  53  54 

7  13  82 

6  38  06 


Angle  and  Distance  op  Middle  Frog,  F' 


Gauge 

Gauge 

Gauge 

Gauge 

No. 
n. 

No. 
n'. 

Angle 

4^8^. 
Dist. 
aF'. 

3. 
Dist. 
aF'.  ' 

No. 
n. 

No. 
n". 

Angle 

4  8J^. 

Dist. 

aF'. 

3. 
Dist. 
aF'. 

4 

2.8171  aO" 07' 36"    26.736  1  17.037 

• 
8 

5.651 

10° 06' 44'    53.317  1  aS.974 

4^i  3.172  17  54  52     30.0&4  '  19.151 

8U'  6.oa> 

9  31   08 

56.643 

.36.094 

5 

3.527i  16  06  19    33  374     21.266 

9    j  6.a59 

8  59  30 

59.969 

38.213 

5Hi 

8.881 

14  40  58     36.695     23.383 

914'  6.713 

8  31   10 

6J3.296 

40.333 

6 

4.235 

18  27  57     40.018  ,  25. ,500 

10       7.067 

8  05  40 

66.62:) 

42.453 

6^ 

4.589 

12  26  07    43.^42  I  2-  'AS 

10^    7.420 

7  42  35 

69.950 

44.. 573 

7 

4.»13 

11  33  04     46.666 

29.736 

11        7.774 

7  21   'M 

73.277 

46.693 

■^ 

5.297 

10  47  02 

49.991 

31.855 

11^'  8.128 

7  02  2(i 

76.605 

48.813 

8 

5.651 

10  06  44 

53.317  1  33.974 

12       8.482 

,    6  44  51 

79.932 

50.934 

i^ua 


TABLE  XIL-MtDDLE  ORDINATES  FOR  CURVlKa  RAILS.    JIW. 


Length  ( 

DF  Rail-Chord. 

' 

D 

D 

32 

30 

28 

26 

24 
.013 

22 

20 

18 

16 
.006 

14 
.004 

12 
.003 

10 

1° 

.022 

.020 

.017 

.015 

.011 

.009 

.007 

.002 

1*= 

2 

.045 

.039 

.034 

,080 

.025 

.021 

.017 

.014 

.011 

.009 

.006 

.004 

2 

3 

.067 

.059 

.051 

.044 

.038 

.032 

.026 

.021 

.017 

.013 

.009 

.007 

3 

4 

.089 

.079 

.068 

.059 

.050 

.012 

.085 

.028 

.022 

.017 

.013 

.009 

4 

5 

.112 

.098 

.086 

.074 

.063 

.053 

.044 

.035 

.028 

.021 

.016 

.011 

5 

6 

.134 

.118 

.103 

.088 

.075 

.063 

.062 

.012 

.034 

.026 

.019 

.013 

6 

7 

.156 

.137 

.120 

.103 

.088 

.074 

.061 

.049 

.039 

.030 

.022 

.015 

7 

8 

.179 

.157 

.137 

.118 

.100 

.084 

.070 

.057 

.045 

.034 

.025 

.017 

8 

0 

.201 

•irr 

.154 

.133 

.113 

.095 

.078 

.064 

.050 

.038 

.098 

.00) 

9 

10 

.223 

.196 

.171 

.147 

.126 

.105 

.087 

.071 

.056 

.043 

.081 

.022 

10 

11 

.245 

.216 

.188 

.162 

.138 

.116 

.096 

.078 

.061 

.047 

085 

.034.11 

U 

.268 

.235 

.205 

.irr 

.151 

.127 

.105 

.065 

.067 

.051 

.088 

.026    12 

14 

.312 

.274 

.238 

.206 

.175 

.147 

.122 

.099 

.ar8 

.160 

.044 

.090    14 

16 

.356 

.313 

.273 

.235 

.200 

.168 

.139 

.118 

.089 

.068 

.030 

.085'  16 

18 

.400 

.352 

.307 

.264 

.225 

.189 

.156 

.127 

.100 

.orr 

.056 

.039:18 

20 

.445 

.391 

.340 

.293 

.250 

.210 

.174 

.141 

.111 

.085 

.063 

.048  120- 

24 

.531 

.467 

.407 

.351 

.299 

.251 

.207 

.168 

.183 

.102 

.075 

.052    2i 

28 

.618 

.543 

.473 

.408 

.347 

.292 

.241 

.195 

.154 

.118 

.087 

.060,28 

32 

.705 

.619 

.539 

.465 

.396 

.333 

.275 

.223 

.176 

.135 

.099 

.069,32 

36 

.791 

.696 

.606 

.522 

.445 

.373 

.309 

.250 

.197 

.151 

.111 

.077    36 

40 

.878 

.772 

.672 

.579 

.493 

.414 

.342 

.277 

.219 

.168 

.123 

.088 

40 

45 

.983 

.863 

.752 

.648 

.552 

.463 

.383 

.805 

.245 

.188 

.137 

.096 

45 

50 

1.087 

.955 

.831 

.716 

.610 

.512 

.423 

.343 

.271 

.207 

.158 

.106 

60 

TABLE  Xm.-DIFFERENCE   IN    ELEVATION  OF   BAILS  ON 

CURVES.    §201. 


Vblocitt  in  Miles  per  Hoxtr. 


10 


1 

.006 

2 

.Oil 

3 

.017 

,   .  4 

.023 

5 

.029 

6 

.034 

7 

.010 

8 

.016 

9 

.051 

10 

.057 

11 

.063 

12 

.069 

14 

.080 

16 

.091 

18 

.102 

20 

.114 

25 

.141 

30 

.168 

35 

.195 

40 

222 

60 

.276 

15 

.013 
.026 
.039 
.051 
.064 
.077 
.090 
.108 
.116 
.129 
.142 
.154 
.180 
.206 
.231 
.256 
.318 
.380 
.441 
.601 
.618 


20 


.023 
.046 
.069 
.091 
.114 
.187 
.160 
.183 
.206 
.228 
.251 
.274 
.319 
.365 
.410 
.465 
.663 
.672 
.778 
.881 


25 


.036 
.071 
.107 
.148 
.179 
.214 
.250 
.285 
.320 
.356 
.891 
.427 
.497 
567 
.687 
.707 
.775 
.814 


80 


35 


.061 

.070 

.103 

.140 

.154 

.210 

.206 

.280 

.257 

.349 

.306 

.418 

.359 

.487 

.410 

.556 

.460 

.624 

.511 

.692 

.561 

.760 

.611 

.826 

.711 

.959 

.809 

1  088 

.906 

1.002 

40 


.091 
.183 
.274 
.365 
.455 
.545 
.684 
.728 
.811 

.984 
1.069 


45 


.116 
.231 
.346 
.461 
.574 
.687 
.798 

1.017 
1.124 


60 


r    44  21 


I 


.143 
.285 
.427 
.668 
.707 
.844 
.979 
1.112 


.206 
.410 
.612 
.811 
1.006 
1.196 


1 
2 
8 
4 
6 
6 


«>V/« 


TABLE  IIV.-GRADES  AND  GRADE  AKGLES. 


i.n 


M 


TABLE  XIV. -GRADES  AND  GRADE  ANGLES. 


Feet 

i 

Feet 

r 

Feet 

per 

Feet  per 

Inclina- 1 

per 
Sta- 

Feet per 

Inclina- 

per 

Feet  per 

Inclin-  1 

feta- 

Mile. 

tion. 

Mile. 

tion. 

'  Sta- 

Mile. 

ation. 

tion. 

tion. 

tion. 

i 

o       /        » 

o     /      • 

1 

o     /     • 

.01 

.528 

21 

.51 

26.928 

17  32 

1.01 

58.828 

34  43 

.(W 

1.056 

41 

.52 

27.456 

17  53 

■  1.02 

63.856 

85  04 

.03 

1.5&4 

1  02     ' 

.53 

27.9»4 

18  13 

1.03 

54.3»4 

35  24 

.01 

2.112 

1  23     , 

.M 

28.512 

18  34 

1.04 

54  912 

35  45 

.05 

2^40 

1  43 

.56 

29.040 

18  54 

1.05 

65.440 

86  05 

.06 

sTres 

2  04 

.56 

29.568 

19  15 " 

1.06 

66.968 

86  26 

.07 

3.6(1^ 

2  24 

.57 

30.096 

19  36 

1.07 

56.496 

36  47 

.08 

4.2^ 

2  45 

.58 

30.624 

19  56 

!  1.08 

67.024 

37  08 

.09 

4.752 

3  06 

.59 

31.152 

20  17 

1  1.09 

67.552 

.  37  28 

.10 

5.280 

326 

.60 

31.680 

20  38 

1.10 

58.080 

37  49 

.11 

5.808 

3  47 

.61 

32.208 

20  58 

1.11 

68.606 

38  09 

.12 

6.886 

4  08     , 

,     .62 

32.736 

21  19 

1.12 

69.186 

88  80 

.13 

6.864 

4  28     ' 

'     .63 

33.2ft4 

21  39 

1.13 

69.6&4 

88  51 

.14 

7.392 

4  49  ; 

i     .64 

33.792 

fH  00 

1  1.14 

60.192 

39  11 

.15 

7.930 

509 

.65 

»4.320 

22  21 

f  1.13 

60.7:a0 

39  32 

.16 

8.448 

5  30    i 

M 

34.^48 

22  41 

1  1.16 

61.248 

39  53 

.17 

8.976 

5  51 

.67 

35.376 

23  02 

1.17 

61.776 

40  13 

.18 

9.504 

6  11 

.68 

35.904 

2Si  23 

1.18 

62.304 

40  34 

.19 

10.032 

6  82     1 

.69 

36.432 

2:3  43 

1  1.19 

62.832 

40  64  ' 

.20 

10.560 

6  53 

.70 

36.960 

JM  04 

!  i.ao 

63.360 

41  13  ; 

.21 

,     11.088 

7  13 

.Ti 

.S7.488 

1^24 

1.21 

68.888 

41  35 

.22 

11.616 

7  34 

.72 

38.016 

24  46 

1.22 

ft4.4l6 

41  56  ! 

.23 

12.144 

7  54 

.73 

38.544 

25  06 

1.23 

64.944 

42  17  . 

.24 

12.672 

8  1,5 

.74 

39.072 

25  26 

1.24 

66.472 

42  38 

.25 

13.200 

8  36 

.75 

39.600 

25  47 

1.25 

66.000 

42  58 

.26 

13.728 

8  56     ■■ 

.76 

40.128 

26  OR 

1.26 

66.628 

48  19 

.27 

14.256 

9  17 

.77 

40.656 

26  28 

1.27 

67.056 

43  38 

.28 

14. 7W 

9  38 

.78 

41.184 

26  49 

1  1.28 

67.5H4 

44  OP 

'      .29 

15  312 

9  58 

.79 

41.712 

27  09 

1  1.29 

68.112 

44  21 

.30 

;     15.&40 

10  19 

.80 

42.240 

27  30 

1.80 

68.640 

44  41  1     . 

.31 

16.368 

10  39 

.81 

42.768 

27  61 

1.81 

69.168 

45  02 

.32 

1     16.896 

11  00 

.82 

43.296 

28  11 

1.82 

69.696 

45  2S 

.33 

]7.4iM 

11  21     , 

.83 

43.824 

28  32 

1..38 

70.224 

45  48 

.34 

17.952 

11  41 

.W 

44.352 

28  63 

1..^ 

70.752 

46  04 

.a-) 

I     18.4H0 

12  02     , 

.85 

44.880 

2t)  13 

1..35 

71.280 

46  24 

.36 

19.008 

12  23     1 

.m 

45.408 

29  »4 

1.36 

71.808 

46  43 

.37 

19.53(J 

12  43 

.87 

45.936 

29  64 

1.37 

?2.836 

47  06 

.m 

'     20.(m 

13  04 

.  oM 

46.464 

30  15 

1.38 

72.864 

47  26i 
47  47] 

.39 

20.  rm 

13  M 

.89 

4<J.992 

30  .36 

1.89 

73.382 

.40 

21.120 

13  4G 

.90 

47.520 

30  57 

1.40, 

78.920 

48  06 

.41 

'     21.648 

14  06 

.91 

48.048 

81  17 

1.41 

74.448 

48  28 

.42 

22.176 

14  26 

.92 

48.576 

31  88 

1  1.42 

74.978 

48  49 

.43 

22.704 

14  47     , 

.93 

49.104 

31  .58 

1  1.43 

75. 604 

49  09 

.44 

23.232 

15  08 

;     .SM 

49.632 

32  19 

!  1.44 

76.082 

49  80 

.45 

23.760 

15  28 

'     .95 

60.160 

32  39 

1.45 

76  560 

49  51 

.46 

^.288 

15  49 

.96 

50.688 

.33  00 

1.46 

77.088 

50  11 

.47 

&4.816 

16  Oi)     , 

.97 

51.210 

,33  21 

1.47 

77.616 

SO  3!i 

.48 

25.. 'm 

16  30 

.98 

51.744 

;«  41 

1.4S 

78.144 

50  62 

.49 

25.872 

16  51   ; 

.9?) 

52.2?2 

34  02 

1.49 

78.672 

51  IS 

.50 

26.400 

17  11 

1.00 

62.800 

34  23 

1.50 

79.300 

61  U 

U05 


TABLE  XIV.— GRADES  AKD  GRADE  AN3LES. 


Feet 

1 

Feet 

Feet 

per 
Sta- 

Feet per 

Inclina- 

per 

Feet  per 

Inclina- 

per 
Sta- 

Feet per 

Inclina- 

Mile. 

tion. 

Sta- 

Mile. 

tion. 

Mile. 

tion. 

tion. 

tion. 

tion. 

) 

o     /     • 

O      /       " 

o      /      • 

1.51 

79.728 

51  54 

2.05 

108.240 

1  10  28 

5.10 

269.260 
274.560 

2  55  10 

1.S2 

80.256 

52  15 

2.10 

110.880 

1  12  11 

5.^ 

2  58  86 

1.53 

80.7&4 

52  36 

2.15 

113.520 

1  13  54 

5.30 

279.840 

3  02  09 

1.54 

81.312 

62  56 

2.20 

116.160 

1  15  37 

5.40 

285.120 

306  27 

1.55 

81.840 

53  17 

2.25 

118.800 

1  17  20 

5.60 

290.400 

308  53 

1.56 

82.868 

53  37 

2.30 

121.440 

1  19  03 

6.60 

295.680* 

•  3  12  19 

1.57 

^.896 

53  58 

2.35 

124.060 

1  20  46 

5.70 

8oa)|io 

3  15  44 

1.58 

83.424 

54  19 

2.40 

126.720 

1  22  29 

5.80 

30Q;^ 

3  19  10 

1.59 

83.952 

54.39 

2.45 

129.360 

1  ^  12 

5.90 

31lV» 

322  86 

1.60 

84.480 

55  00 

2.50 

132.000     1  25  56 

6.00 

316.il 

3  26  01 

1.61 

85.006 

55  21 

2.56 

134.640      1  27  39 

6.10 

322.089 

329  27 

1.62 

85.636 

65  41 

2.60 

137.280 

1  29  22 

6.20 

827.360. 

3  32  52 

1.63 

86.064 

56  02 

2.65 

139.920 

1  31  05 

6.30 

332.640  ' 

3  86  18 

l.M 

86.592 

66  22 

2.70 

142.660 

1  32  48 

6.40 

337.920 

3  89  43 

1.65 

87.120 

56  43 

2.75 

145.200 

1  34  31 

6.50 

343.200 

3  43  06 

1.66 

87.648 

57  04 

2.80 

147.840 

1  36  14 

6.60 

348.480 

3  46  34 

1.67 

88.176 

57  24 

2.85 

150.480 

1  37  57 

6.70 

358.760 

3  49  59 

1.68 

88.704 

57  45 

2.90- 

153.120 

1  39  40 

6.80 

359.040 

8  53  24 

1.69 

89.232 

58  06 

2.96 

155.760 

1  41  23 

6.90 

364.320 

3  56  50 

1.70 

89.760 

68  26 

3.00 

158.400 

1  43  06 

7.00 

369.600 

4  00  15 

1.71 

90.288 

58  47 

3.05 

161.040 

1  44  49 

7.10 

874.880 

403  40 

1.73 

90.816 

69  07 

3.10 

163.680 

1  46  32 

7.20 

380.160 

407  06 

1.73 

91.344 

69  28 

3.15 

166.320 

1  48  15 

7.30 

385.440 

4  10  81 

1.74 

91.872 

69  49 

3.20 

168.960 

1  49  58 

7.40 

390.720 

4  13  56 

1.75 

92.400 

1  00  09 

3.25 

171.600 

1  51  41 

7.50 

396.000 

4  17  21 

1.76 

92.928 

1  00  30 

3.30 

174.240 

1  53  24 

7.60 

401.280 

4  20  46 

1.77 

93.456 

1  00  51 

3.35 

176.880 

1  55  07 

7.70 

406.660 

4^  11 

1.78 

93.984 

1  01  11 

3.40 

179.620 

1  56  50 

7.80 

411.840 

427  36 

1.79 

94.512 

1  01  32 

3.45 

182.160 

1  58  33 

7.90 

417.120 

4  81  01 

1.80 

95.040 

1  01  52 

8.50 

184.800 

2  00  16 

8.00 

422.400 

4  34  26 

1.81 

95.568 

1  02  13 

8.55 

187.440 

2  01  59 

8.10 

427.680 

4  87  51 

1.82 

96.096 

1  02  34 

3.60 

190.080 

2  03  42 

8.20 

432.960 

4  41  16 

1.88 

96.624 

1  02  54 

3.65 

192.720 

205^ 

8.30 

438.240 

4  44  41 

1.84 

97.152 

1  03  15 

3.70 

195.360 

207  08 

6.40 

443.520 

4  48  06 

1.86 

97.680 

1  03  35 

3.76 

198.000 

2  06  61 

8.50 

448.800 

4  51  30 

1.86 

98.208 

1  03  56 

3.80 

200.640 

2  10  34 

8.60 

464.080 

4  54  55 

1.87 

98.736 

1  04  17 

3.86 

203.280 

2  12  17 

8.70 

459.360 

4  58  20 

.88 

99.264 

1  04  37 

3.90 

205.920 

2  14  00 

8.80 

464.640 

5  01  44 

1.89 

99.792 

1  04  58 

3.95 

208.560 

2  15  43 

8.90 

469.920 

6  05  10 

1.90 

100.320 

1  05  19 

4.00 

211.200 

2  17  26 

1  9.00 

475.200 

6  08  84 

1.91 

100.848 

1  05  39 

4.10 

216.480 

2  20  52 

9.10 

480.48C 

6  11  59 

1.9S 

101.376 

1  06  00 

4.20 

221.760 

2  24  18 

9.20 

485.760 

5  15  23 

1.96 

101.904 

1  06  20 

4.30 

227.040 

2  27  44 

9  30 

491.040 

5  18  48 

1.94 

102.432 

1  06  41 

4.40 

232.320 

2  31  10 

9.40 

496.320 

5  22  12 

1.96 

102.960 

1  07  02 

4.50 

237.600 

2  34  36 

9  60 

501.600 

5  25  37 

1.96 

103.488 

1  07  22 

4.60 

242.880 

2  88  01 

9.60 

506.880 

5  29  01 

1.97 

104.016 

1  07  43 

4.70 

248.160 

2  41  27 

9.70 

612.160 

5  32  25 

1.96 

104.544 

1  08  04 

4.80 

253.440 

2  44  53 

9.80 

517.440 

5  85  50 

1.99 

105,072 

1  08  24 

4.90- 

258.720 

2  48  19 

9.90 

.522.720 

5  39  14 

2.00 

105.600 

1  06  45 

5.00 

264.000 

2  51  45 

,10.00 

1 

528.000 

<      - 

6  42  38 

300 


TABLE  XV.— FOR  OUTAININa  BAROMETRIC  HEIGHTS  IN  FEET. 


Barom- 

eter. 
Inches 

0.00 

0.02 

0.04 

0.06 

0.06 

Diff.  per 
.002  m. 

=  h. 

• 

S6^0 

24029 

24050 

24071 

24092 

24113 

2.1 

.1 

24134 

24155 

24176 

24197 

24217 

2.1 

.2 

24238 

24259 

24280 

24301 

24321 

2.1 

.8 

24342 

24363 

24384 

24404 

24425 

2.1 

.4 

24446 

24466 

24487 

24606 

24528 

2.1 

.5 

24549 

24569 

24590 

24610 

24631 

2.1 

.6 

24651 

24672 

24692 

24718 

24738 

2.0 

.7 

24754 

24774 

24794 

24615 

24H35 

2.0 

.8 

24855 

24876 

24896 

24916 

24937 

2.0 

.9 

24957 

24977 

24997 

26018 

25038 

2.0 

26".0 

26058 

25078 

25096 

26118 

25138 

2.0 

.1 

25159 

25179 

25199 

25219 

25239 

2.0 

.8 

25259 

25279 

26299 

26319 

26339 

2.0 

.8 

25359 

25879 

25399 

26419 

26488 

2.0 

.4 

25458 

25478 

25498 

26518 

25536 

2.0 

.5 

25557 

25577 

25597 

26617 

25637 

2.0 

.6 

25666 

25676 

25696 

25715 

25785 

2.0 

.7 

25755 

25774 

25794 

25813 

25833 

2.0 

.8 

25853 

25872 

25892 

26911 

25931 

2.0 

.9 

25950 

25970 

26969 

26009 

26028 

2.0 

27^0 

26048 

26067 

26066 

26106 

26125 

1.9 

.1 

26145 

26164 

26183 

26203 

26222 

1.9 

.2 

26241 

26260 

26260 

26299 

26818 

1.9 

.8 

283S7 

26857 

26376 

26395 

26414 

1.9 

.4 

26433 

26452 

26472 

26491 

26510 

1.9 

.5 

26529 

26548 

26567 

26586 

26605 

1.9 

.6 

26624 

26648 

26662 

26681 

26700 

1.9 

.7 

26719 

26738 

26757 

26776 

26795 

1.9 

.8 

26818 

26832 

26851 

26870 

26889 

1.9 

.9 

26908 

26926 

26945 

26964 

26963 

1.9 

28*.0 

27001 

27020 

27039 

27058 

27076 

1.9 

.1 

27095 

27114 

27132 

27151 

2';i69 

1.9 

.2 

27188 

27207 

27225 

27244 

27262 

1.9 

.3 

27281 

27299 

27318 

27336 

27355 

1.8 

.4 

2^373 

27392 

27410 

27429 

27447 

1.8 

.5 

27466 

27484 

27508 

27521 

27539 

1.8 

.6 

27567 

27676 

27594 

27612 

27631 

1.8 

.7 

27649 

27667 

27686 

27704 

27722 

1.8 

.8 

27740 

27758 

2'7777 

27795 

27813 

1.8 

.9 

27831 

27849 

27867 

27885 

27904 

1.8 

ae^'.o 

'  27922 

27340 

27958 

27976 

27994 

1.8 

.1 

28012 

28030 

28048 

28066 

26064 

1.8 

.2 

28102 

28120 

28138 

28156 

26174 

1.8 

.8 

28192 

28209 

28227 

28245 

26263 

1.8 

.4 

28261 

28299 

26317 

26334 

28862 

1.8 

.5 

28370 

28888 

26405 

26423 

26441 

1.8 

.6 

28459 

28476 

26494 

26512 

28529 

1.8 

.7 

28547 

28565 

28582 

26600 

28618 

1.8 

.8 

28635 

28653 

28670 

28668 

28706 

1.8 

.9 

28723 

28741 

28758 

26776 

26793 

1.8 

80».0 

28811 

26828 

28846 

28868 

28681 

1.8 

.1 

28898 

28915 

26938 

28950 

28968 

1.8 

.2 

28965 

29002 

29020 

29037 

29054 

1.7 

.8 

29072 

29089 

29106 

29124 

29141 

1.7 

.4 

29158 

29175 

29192 

29210 

29227 

1.7 

.6 

29244 

29261 

29278 

29296 

29313 

1.7 

.6 

29880 

29347 

29364 

29881 

29398 

1.7 

.7 

29416 

29488 

29450 

29467 

29464 

1.7 

.8 

29501 

29518 

29535 

29562 

29569 

1.7 

.9 

29586 

29603 

£9620 

29637 

29654 

1.7 

808 


TABLE  XVI.— COEFFICIENT^  OF  CORRECTION  FOR  TEMPERATtJRE. 


t-ht' 

900 

t-\-t' 

'f-l-t'  -  64° 

1 

t  +  t'  -  64° 

r" 

t^r  -  64» 

900 

900 

900 

20O 

.0489 

65» 

+  .0011 

'  llOo 

+  .0511 

i  165° 

.1011 

21 

-  .0478 

66 

.0022 

111 

.0522 

156 

.1022 

22 

.0467 

67 

.0033 

112 

.0533 

1  157 

.1083 

38 

.0456 

68 

.0044 

113 

.0644 

1  158 

.1044 

24 

.0444 

69 

.0056 

114 

.0556 

159 

.1056 

25 

.0483 

70 

.0067 

116 

.0567 

160 

.1067 

26 

.0422 

71 

.0078 

116 

.0578 

1  161 

.1078 

27 

.0411 

72 

.0089 

117 

.0689 

162 

.1089 

28 

.0400 

73 

.0100 

118 

.0600 

163 

.1100 

29 

.0889 

74 

.0111 

119 

.0611 

164 

.1111 

80 

.0878 

76 

.0122 

120 

+  .0622 

;  165 

.1122 

81 

-  .0367 

76 

H-  .0138 

121 

.0683 

166 

+  .1133 

82 

.0856 

77 

.0144 

122 

.0644 

167 

.1144 

33 

.0344 

78 

.0156 

123 

.0656 

'  168 

.1156 

34 

.0838 

79 

.0167 

124 

.0667 

169 

.1167 

35 

.0822 

80 

.0178 

125 

.0678 

170 

.1178 

36 

.0811 

81 

.0189 

126 

.0689 

171 

.1189 

87 

.0800 

82 

.0200 

127 

.0700 

1  172 

.1200 

38 

.0289 

&S 

.0211 

128 

.0711 

173 

.1211 

39 

.0278 

84 

.0222 

129 

.0722 

174 

.1222 

40 

.0267 

85 

.0233 

130 

+  .0783 

175 

.1283 

41 

-  .0256 

86 

-f  .0244 

131 

.0744 

176 

4-  .1244 

42 

.0244 

87 

.0256 

132 

.0766 

'  177 

.1256 

43 

.0283 

88 

.0267 

138 

.0767 

,  178 

.1267 

44 

.0222 

89 

.0278 

134 

.0778 

17'9 

.1278 

45 

.0211 

90 

.0289 

135 

.0789 

180 

.1289 

46 

.0200 

91 

.0300 

136 

.0800 

I  181 

.1300 

47 

.0189 

92 

.0311 

137 

.0811 

!  182 

.1311 

48 

.0178 

98 

.0322 

138 

.0822 

183 

.1322 

49 

.0167 

94 

.0333 

139 

.0833 

1  184 

.1333 

50 

-  .0156 

95 

.0344 

140 

+  .0844 

;  185 

.1344 

51 

.0144 

96 

+  .0856 

141 

.0866 

186 

4-  .1356 

52 

.0138 

97 

.0367 

142 

.0867 

187 

.1367 

58 

.0122 

98 

.0378 

148 

.0878 

;  188 

.1378 

54 

.0111 

99 

.0389 

144 

.0889 

189 

.1389 

55 

.0100 

100 

.0400 

145 

.0900 

190 

.1400 

66 

.0089 

101 

.0411 

146 

.0911 

:  191 

.1411 

57 

.0078 

102 

.0422 

147 

.0922 

'  192 

.1422 

58 

.0067 

103 

.0433 

148 

.0983 

,  193 

.1433 

59 

.0056 

104 

.0444 

149 

.0944 

'  191 

.1444 

60 

.0044 

105 

.0456 

150 

-f  .0956 

196 

.1456 

61 

-  .0033 

106 

+  .0467 

151 

.0967 

196 

+  .1467 

62 

.0022 

107 

.0478 

152 

.0978 

197 

.1478 

63 

.0011 

108 

.0489 

153 

.0989 

!  198 

.1489 

64 

.0000 

109 

.0500 

154 

.1000 

1 

199 

1 

.1500 

TABLE  XVII.-CORRECTION  FOR  EARTH'S  CURVATURE  AND 

REFRACTION.    §119. 


L« 

HO 

800 

.002 

400 

.003 

500 

.005 

600 

.007 

700 

.010 

800 

.018 

900 

.017 

1000 

020 

1100 

.025 

1200 

.030 

L» 


H" 


13001 
14001 
1500, 
1600, 
1700 1 

im) 

19(10 
2000 
2100 
2200 


.oa5  I 

.040  , 
.046  ' 
.052  i 
.059  I 
.066 
.074  I 
082  I 
.090 
.099  I 


H« 


2300 

2400 

25001 

2600 

2700, 

2800 

2?J00| 

3000, 

3100; 

3200! 


.108 
.118 
128 
.139 
.149 
.161 
.172 
.184 
.197 
.210 


L» 

8300 

3400 

a500 

3600, 

3700 

3800  I 

3900, 

4000 

4100 

4200, 


H« 

.223 
.237 
.251 
.266 
.281 
.296 
.312 
.328 
5k5 
.362 


HO 


4300 

4400 

4500 

4600 

4700 

4800 

4900 

5000 

5100! 

52001 


.879 
.397 
.415 
.434 
.463 
.472 
.492 
.512 
«538 
.664 


MUes 


H" 


1 
2 

8 
4 
5 
6 

7 

8 

9 

10 


.6n 

2.286 
6.142 
9.141 
14.28S  ; 
20.567  I 
27.9M 
36.668  • 
46.2^  j 
67.130 


80d 


TABLE  XVm. -COEFFICIENT  FOR  REDUCINa  INCLINED  STADIA 
MEASUREMENTS  TO  THE  HORIZONTAL.    S  284. 


a 

O' 

lO' 

20' 

SC 

o« 

1.000000 

.999992 

.999967 

.999924 

1 

.999696 

.999586 

.999459 

.999815 

2 

.998782 

.998571 

.998343 

.998096 

8 

.997961 

.996949 

.996619 

.996278 

4 

.995134 

.994?21 

.994291 

.998844 

6 

.992404 

.991891 

.991360 

.990814 

6 

.989074 

.988461 

.987831 

.987185 

7 

.9&5148 

.984436 

.983708 

.982968 

8 

.980631 

.979821 

.978995 

.978152 

9 

.975528 

.974621 

.973698 

.972759 

10 

.969846 

.968843 

.967824 

.966790 

IP 

.963591 

.962494 

.961380 

.960252 

12 

.956772 

.955581 

.9545^75 

.953153 

13 

.949396 

.948113 

.946815 

.945502 

14 

.941473 

.940100 

.988711 

.937309 

15 

.933011 

.931550 

.930073 

.928582 

16 

.924022 

.92*^474 

.920911 

.919334 

17 

.914517 

.912883 

.911236 

.909574 

18 

.904507 

.902790 

.901060 

.899316 

19 

.894003 

.892206 

.890395 

.888571 

20 

.888020 

.881143 

.879254 

.877352 

21'> 

.871569 

.869617 

.867652 

.865674 

22 

.869667 

.857640 

.865601 

.K^asso 

23 

.847326 

.845227 

.843117 

.840996 

21 

.834561 

.882394 

.830215 

.828025 

26 

.821390 

.819156 

.816911 

.814656 

26 

.807826 

.805529 

.803221 

.800903 

27 

.793888 

.791529 

.789161 

.786783 

28 

.779591 

.777175 

.774749 

.772314 

29 

.764954 

.762483 

.760002 

.757513 

30 

.749994 

.747471 

.744939 

.742399 

3P 

.734729 

.732157 

.729577 

.726969 

32 

.719179 

.716561 

.713935 

.711802 

33 

.703361 

.700700 

.698038 

.695358 

34 

.687296 

.684595 

.681889 

.679176 

35 

.671002 

.668266 

.665524 

.662776 

36 

.654500 

.651731 

.648957 

.64617r 

87 

.637810 

.6&'5011 

.632208 

.629401 

88 

.620962 

.618127 

.615299 

.612466 

89 

.608946 

.601099 

.598248 

.595395 

40 

.586814 

.583948 

.581079 

.578207 

41o 

.569576 

.566694 

.563810 

.660924 

42 

.552253 

.549359 

.546464 

.54a'S67 

43 

.584867 

.581964 

.529061 

.6261.56 

44 

.517438 

.514680 

.511622 

.608714 

45 

.499988 

.497079 

.494170 

.491261 

40^ 

50' 

.999666 

.999789 

.999154 

.998977 

.997886 

.997667 

.996910 

.996631 

.998881 

.992901 

.990260 

.980670 

.986522 

.965843 

.982202 

.981424 

.977294 

.976419 

.971804 

.970833 

.965739 

.964673 

.959107 

.957948 

.951916 

.950664 

.944174 

.942831 

.936891 

.934459 

.927077 

.925657^ 

.917742 

.916137 

.907899 

.906209 

.897668 

.896787 

.886733 

.884883 

.876487 

.878510 

.863684 

.861681 

.861487 

.849412 

.BoooOa 

.886718 

.826825 

.823613 

.812390 

.810118 

.798675 

.796236 

.784396 

.781998 

.769870 

.767416 

.765015 

.752509 

.789660 

.787294 

.724898 

721790 

.708662 

.706015 

.692677 

.689990 

.676457 

.673733 

.660028 

.657264 

.643893 

.640604 

.626588 

.623772 

.609680 

.606790 

.592587 

.589677 

.676832 

.572455 

.558036 

.555145 

.540668 

.637768 

.623251 

.520845 

.505805 

.602897 

.488853 

.485445 

TABLE  XIX. -LOGARITHM    OF    COEFFICIENT    FOR    REDUCING   IN- 
CLINED STADIA  MEASUREMENTS  TO  THE  HORIZONTAL.    §284. 


a 

0' 

10' 

20^ 

30' 

'4f!y 

eo' 

o» 

0.000000 

9.999996 

9.999985 

9.999967 

9.999941 

9.999908 

1 

9.990668 

.999820 

.999765 

.999702 

.999683 

.999565 

2 

.999471 

.999879 

.999280 

.999178 

.999059 

.996938 

3 

.996809 

.998673 

.998529 

.998379 

.998220 

.998055 

4 

.997882 

.997701 

.997514 

.997318 

.997116 

.996906 

5 

.996089 

.996464 

.996232 

.995992 

.995746 

.995491 

6» 

9.995229 

9.994959 

9.994683 

9.994399 

9.994107 

9.998806 

7 

.993501 

.998187 

.992866 

.992587 

.992201 

.991857 

8 

.991506 

.991147 

.990780 

.990406 

.990025 

.989686 

9 

.989240 

.988836 

.968424 

.988005 

.987579 

.98n44 

10 

.986703 

.986253 

.985797 

.985332 

.984860 

.984380 

11*» 

9.983893 

9.983898 

9.982895 

9.982886 

9.981867 

9.961348 

12 

.980808 

.960268 

.979719 

.979163 

.978599 

.978087 

13 

.977447 

.976860 

.976265 

.975663 

.975052 

.974484 

14 

.9r3806 

.973174 

.972532 

.971883 

.971225 

.970560 

*  15 

.969687 

.969206 

.968517 

.967820 

.967116 

.966408 

16« 

9.965683 

9.964954 

9.964218 

9.968478 

9.962721 

9.961960 

17 

.961192 

.960415 

.959631 

.968888 

.958087 

.957289 

18 

.956412 

.955587 

.954758 

.968912 

.953063 

.962205 

19 

.951339 

.950166 

.949583 

.948692 

.947793 

.946886 

20 

.945970 

.946047 

.944114 

.943174 

.942225 

.941268 

21<» 

9.940302 

9.939628 

9.938345 

9.987354 

9.986856 

9.935347 

22 

.934380 

.938805 

.932271 

.981229 

.980178 

.929119 

23 

.928050 

.926974 

.925888 

.924794 

.928691 

.922579 

24 

.921458 

.920629 

.919191 

.918044 

.916888 

.916783 

25 

.914549 

.918866 

.912175 

.910974 

.909764 

.908546 

260 

9.907318 

9.906081 

9.904835 

9.908580 

9.902816 

9.901042 

27 

.899759 

.898467 

.897166 

.895856 

.894585 

.898806 

28 

.891867 

.890519 

.889161 

.887794 

.886417 

.885081 

29 

.888685 

.882280 

.880815 

.879890 

.877956 

.876512 

30 

.875058 

.873594 

.872121 

.870687 

.869144 

.867641 

31» 

9.866127 

9.864604 

9.863071 

9.861528 

9.859974 

9.858411 

32 

.856837 

.855253 

.868659 

.852054 

.850489 

.848814 

33 

.847178 

.845682 

.843876 

.842209 

.840681 

.888848 

34 

.837144 

.836434 

.883714 

.881982 

.830240 

.828488 

35 

.826724 

.824949 

.828168 

.881367 

.819559 

.817740 

86» 

9.815910 

9.814068 

9.812216 

9.810852 

9.80647« 

9.806680 

37 

.804691 

.802781 

.800860 

.798927 

.796982 

.796086 

38 

.793058 

.791078 

,789086 

.787088 

.785066 

.788088 

39 

.780998 

.778946 

.776882 

.774805 

.772716 

.770614 

40 

.768500 

.766874 

.764235 

.762088 

.750919 

.757748 

41« 

9.755552 

9.768349 

9.751133 

9.748904 

9.746662 

9.744407 

42 

.742188 

.739857 

.787561 

.785258 

.788931 

.780696 

48 

.728246 

.725883 

.723506 

.721115 

.718710 

.716891 

44 

.718858 

.711411 

.708950 

.706474 

.703988 

.701479 

45 

9.696959 

9.696425 

9.698876 

9.691813 

9.688734 

9.686140 

.LI -I. 


«\ 


TABLE  XXI.-MIlimTES  IN  DECIMALS  OF  A  DEGREE. 


/ 

0' 

10- 

15" 

20' 

0 

.00000 

.00278 

.00417 

.00556 

1 

.01667 

.01944 

.02083 

.08222 

2 

.03383 

.03611 

.03750 

.03889 

a 

.05000 

.05278 

.05417 

.05556 

4 

.06667 

.06944 

.07083 

.07222 

5 

.08333 

.08611 

.08750 

.08889 

6 

.10000 

.10^78 

.10417 

.10656 

7 

.11667 

.11944 

.12083 

.12222 

8 

.ia333 

.13611 

.13750 

.13889 

9 

.15000 

.15278 

.15417 

.15556 

10 

.16667 

.16944 

.17083 

.17223 

11 

.18333 

.18611 

.18750 

.18889 

12 

.20000 

.20278 

.20417 

.20556 

13 

.21667 

.21944 

.22083 

.22222 

14 

.23333 

.  .23611 

.23750 

.23889 

16 

.25000 

.JS278 

.25417 

.25556 

16 

.26667 

.26944 

.27083 

.27222 

17 

.28333 

.28611 

.28750 

.28889 

18 

.30000 

.30278 

.30417 

.30556 

19 

.31667 

.31944 

.32083 

,32222 

20 

.33333 

.33611 

.33750 

.33889 

91 

.35000 

.35278 

.a5417 

.85556 

22 

.36667 

.36944 

.37083 

.37222 

23 

.38333 

.38611 

.38750 

.38889 

24 

.40000 

.40278 

.40417 

.40556 

25 

.41867 

.41944 

.42083 

.42222 

26 

.43333 

.43611 

.43750 

.43889 

27 

.45000 

.45278 

.45417 

.45556 

28 

.46667 

.46944 

.47083 

.47222 

29 

.48333 

.48611 

.48750 

.48889 

80 

.60000 

.50278 

.50417 

.50556 

31 

.61667 

.51944 

.52083 

.52222 

32 

.63333 

.53611 

.53750 

.53889 

33 

.55000 

.55278 

.55417 

.55556 

34 

.56667 

.56944 

.67083 

.57222 

35 

.68333 

.58611 

.68750 

.58889 

36 

.60000 

.60278 

.60417 

.60556 

37 

.61667 

.61944 

.62063 

.62222 

38 

.63333 

.63611 

.63750 

.63889 

39 

.65000 

.05278 

.65417 

.65556 

40 

.66667 

.66944 

.67083 

.67222 

41 

.68333 

.68611 

.68750 

.68889 

42 

.70000 

.70278 

.70417 

.70556 

43 

.71667 

.71944 

.72083 

.72222 

44 

.73333 

.73611 

.73750 

.73889 

45 

.75000 

.76278 

.75417 

.75556 

46 

.76667 

.76944 

.77083 

.77222 

47 

.78333 

.78611 

.78750 

.78889 

48 

,80000 

.80278 

.80417 

.80556 

49 

.81667 

.81944 

.82083 

.82222 

SO 

.83333 

.83611 

.83750 

.83889 

51 

.85000 

.85278 

.85417 

.85556 

52 

.86067 

.86944 

.87083 

.87222 

53 

.88333 

.88611 

.88750 

.88889 

54 

.90000 

.90278 

.90417 

.90556 

55 

.91667 

.91944 

.92083 

.92222 

56 

.93833 

.93611 

.93750 

.93889 

57 

.9r)000 

.95278 

.95417 

.95556 

58 

.96667 

.90944 

.9708S 

.97222 

59 

.98333 

.98611 

.98750 

.98889 

' 

0' 

1   10" 

15" 

20" 

30" 


.00833 
.02500 
.04167 
.05833 
.07500 
.09167 
.10833 
.12500 
.14167 
.15833 
.17500 

.19167 
.20833 
.22500 
.24167 
.^833 
.27500 
.29167 
.30833 
.32500 
.34167 

.35833 
.37500 
.39167 
.40633 
.42500 
.44167 
.45833 
.47500 
.49167 
.50833 

.52560 
.64167 
.55833 
.57500 
.59167 
.60833 
.62500 
.64167 
.65833 
.67500 

.69167 
.70833 
.72500 
.74167 
.75a33 
.77500 
.79167 
.80633 
.82500 
.84167 

.a5883 

.87500 
.89167 
.90833 
.92500 
.94167 
.958;i3 
.97500 
.99167 

30" 


40" 


.01111 
.02778 
.04444 
.06111 
.07778 
.09444 
.11111 
.12778 
.14444 
.16111 
.17778 

.19444 
.21111 
.22778 
.24444 
.26111 
.27778 
.29444 
.31111 
.32778 
.34444 

.36111 
.37778 
.39444 
.41111 
.42778 
.44444 
.46111 
.47778 
.49444 
.51111 

.52778 
.54444 
.56111 
.57778 
.59444 
.61111 
.62778 
.64444 
.66111 
.67778 

.69444 


45" 


.01250 
.02917 
.04583 
.06250 
.07917 
.09583 
.11250 
.12917 
.14683 
.16250 
.17917 

.19583 
.21250 
.22917 
.24683 
.26250 
.27917 
.29583 
.31250 
.32917 
.34683 

.36250 
.37917 
.39683 
.41250 
.42917 
.44583 
.46250 
.47917 
.49583 
.51250 

.S2917 
.54583 
.56250 
.57917 
.59583 
.61250 
.62917 
.64583 
.66250 
.67917 

.60583 


60' 


1  .71111 

.71250 

.72778 

.72917 

.74444 

.74388 

.76111 

.'r6250 

.77778 

.77917 

.79444 

.79583 

.81111 

.81250 

.82778 

.82917 

.84444 

.84583 

86111 

.86250 

.87778 

.87917 

.89444 

.80583 

.91111 

.91250 

.92778 

.92917 

.94444 

.94583 

.96111 

.96250 

.97778 

.97917 

.99444 

.99583 

40- 

45- 

.01889 
.03055 
.04722 
.06389 
.08056 
.09722 
.11389 
.13056 
.14722 
.16389 
.18056 

.19722 
.21389 
.23056 
.24722 
.26389 
.28056 
.29722 
.31389 
.33056 
.34722 

.36389 
.38056 
.39722 
.41389 
.43056 
.44722 
.46389 
.48056 
.49722 
.61389 

.53056 
.54722 

.5a389 
.68056 
.59722 
.61389 
.63056 
.64722 
.66389 
.68066 

.69722  41 
.71389  '  42 
.73056  I  43 
.74722  44 
.76889  1  45 
.78056  46 
.79728  I  47 
.81889  I  48 
.83056  49 
.84722 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


.86889 
.88056 
.89722 
.91889 
.93056 
.94722 
.96389 
.98056 
.99722 


50 

61 
52 
63 
64 
55 
56 
57 
58 
59 


50"  I  ' 


yio„ 


TABLE  XXII. -INCHES  IN  DECIMALS  OF  A  FOOT. 


In. 


0  Foot 
1-82  .0096 
1-J6  l.OOba 


8-82 

1-8 

5-82 

3-16 

7-82 

1-4 

9-82 

5-16 

11-82 
3-8 

13-82 
7-16 

15-32 

1-2 
17^ 

9^-16 
19-82 

5-8 
21-82 
11-16 
23-82 

34 
25-32 
13^16 
27^82 

7-8 
89-32 
15-16 
31-82 


2 


.0078 
.0104 
.0180 
.0156 
.0182 

.0208 
.0284 
.0260 
.0286 
.0318 
.0389 
.0365 
.0391 

.0417 
.0443 
.0469 
.0495 
.0521 
.0547 
.0573 
.0599 

.06251 

.0651' 

.06771 

.07081 

.0729 

.0755 

.0781 

.0807 

0 


.0883 
.0859 
.0885 
.0911 
.0938 
.(mi 
.0990 
.1016 

.1042 
.1068 
.1094 
.1180 
.1146 
.1172 
.1198 
.1224 

.1250 
.1276 
.1802 
.1828 
,1354 
.1880 
.1406;  .'2240 
,1432  .2266 


.1667 
.16*93 
.1719 
.1745 
.1771 
.1797 
.1823 
.1849 

.1875 
.1901 
.1927 
.1953 
.1979 
.2005 
.2031 
.2057 

.2083 
.2109 
.2ia5 
.2161 
.2188 
.2214 


,1468 
1484 
1510 
1536 
,1563 
1589 
1615 
1641 


.2292 
.2318 
.2344 
.2370 
.2:^96 
.2422 
.24481 
.2474 

I 

2 


8 


.2500 
.2526 
.2552 

.2578 
.2604 
.2630 
.2656 
.2682 

.2708 
.2734 
.2760 
.2786 
.2813 
.2839 
,2866 
,2891 

.2917 
,2943 
,2969 
,2995 
,3021 
,3047 
,8073 
,8099 

8126! 

3151 

31771 

32031 

3229 

3255 

3281 

3307 

8 


.a333 
.3359 
.3385 
.3411' 
.34381 
.3464 
.3490 
.35161 

.3542 
.3568 
.3594 
.3620 
.3646 
.3672 
.3698 
.3724 

.3750 
.3776 
.3802 
.3828 
.3854 
.3880 
.3906 
.3932 

.3958 
.3984 
.40101 
.40361 
.40631 
.4089 
.4115 
.4141 


6 


.4167 

.4198 

.42191 

.4245' 

.4271 

,4297 

.4828 

.4M9 

.4375 
.4401 
.4427 


.5000 
.5026' 
.5052 
.6078 
.5104 
.5130 
.5156 
.5182 

.5208 
.5234 
.5260 
4458'  5286 
.44791.5313 


.4505 
.4581 
.4557 

.4583 
.4609 
.46^5 
.4661 
.4688 
.4714 
.4740 
.4766 

.4792 

.4818 
.4844 
.4870 
.4896: 
.4922 
.4948! 
.4974 


.5389 
.5365 
.5391 

.5417 
.5448 
.5469 
.5495 
.5521 
.5547 
.5573 
.5599 

.56251 

.565li 

.5677 

.57031 

.5729' 

..5755 

.5781 

.5807: 

6 


.6833 
.6859 
.5885 
.69111 
.6938; 
.69641 
.6990| 
.6016' 

.6042' 
.6068 
.6094! 
.6120 
.6146 
.6172 
.6198 
.6224 

.6250 
.6276 
.6302 
.6328 
.6354 
.6380 
.6406 
.6432 

.6458 
.6484 
.6510 
.6536 
.a563 
.6589 
.6615: 
.6641 


8 


.6667 
.6693 
.6719 
.6745 
.6771 
.6797 
.6823 
.6849 

.6875 

.69011 

.6927 

.69531 

.6979. 

.7005 

.7031 

.7057 

.7083 
.7109 
.7135 
.7161 
.7188 
.7214 
.7240 
.7266 

.7292' 
.7318; 

.7344 
.73701 
.7396 
.7422 
.74481 
.7474' 


9  !  10   11 


8 


.7500 
.7626! 
.7552 

.7578 
.7604 
.7630' 
.7656 

.7682^ 

.77081 
.7734; 
.7760 
.77861 
.7813 
.7839 
.7865; 
.7891 

.7917 
.7943 
.7969 
.7995 
.80211 
.80471 
.8073 
.8099 

.8126 

.8151 
.8177 
.8203 
.H229 
.8255 
.8281 
.8307 

9 


.8333' 

.83591 

.8385 

.8411 

.8438 

.8464 

.8490 

.8516 

.8542' 
.8568' 
.8594 
.8620 
.86461 
.8672 
.8698 
.87241 

.8750! 

.8776: 

.8802 

.8828 

.8854 

.8880 

.8906 

.8932 

.8968 
.8984 
.9010 
.9036 
.9063 
.9089 
.9115 
.9141 

10 


.9167 
.9193 
.9219 
.9245 
.9271 
.9297 
.9323 
.9349 

.9375 
.9401 
.9427 
.9453 
.9479 
.<.505 
.9531 
.9557 

.9583 
.9609 
.9635 
.9661 
.968> 
.9714 
.9740 
.9766 

.9792 

.9818 
.9844 


In. 


0 

1-82 

1-16 

8-32 

1-8 

fr-32 

3-16 

7-32 

1^ 

9-32 

5-16 

11-82 
3-8 

13-32 
7-16 

15-32 

1-2 
17-32 

9-16 
19-32 

5-8 
21-32 
11-16 
23-32 

3-4 
25-32 
13-16 
9870  27-32 

7-8 
29-32 
15-16 
31-32 


.9896 
.9922 
.9948 
.9974 

11 


314 


TABLE  XXItt-^QUARES,  CUBES,  SQUARE  ROOTS. 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

1 

1 

1 

1.0000000 

1.0000000 

1.000000000 

2 

4 

8 

1.4142136 

1.2599210 

.500000000 

3 

9 

27 

1.7320506 

1.4422496 

.338333338 

4 

16 

64 

2.0000000 

1.5874011 

.260000000 

5 

25 

125 

2.2360680 

1.7099759 

.200000000 

6 

36 

216 

2  4494897 

1.8171206 

.166666667 

7 

49 

343 

2.6457513 

1.9129312 

.142867143 

8 

64 

512 

2.8284271 

2.0000000 

.125000000 

9 

81 

729 

3.0000000 

2.0600637 

.111111111 

10 

100 

1000 

3.1622777 

2.1544347 

.100000000 

11 

121 

1331 

3.3166248 

2.2239801 

.090909091 

18 

144 

1728 

3.4641016 

2.2894286 

.063838333 

13 

169 

2197 

3.6055513 

2.3513347 

.076923077 

14 

196 

2744 

3.7416574 

2.4101422 

.071428671 

15 

225 

3375 

3.8729883 

2.4662121 

.066666667 

16 

256 

4096 

4.0000000 

2.5196421 

.062500000 

17 

289 

4913 

4.1231056 

2.5712816 

.058828529 

18 

324 

5832 

4.2426407 

2.6207414 

.055556666 

•  19 

361 

6669 

4.3588989 

2.6684016 

.0526319r9 

30 

400 

8000 

4.4721360 

2.7144177 

.050000000 

21 

441 

9261 

4.5825757 

2.7589243 

.047619048 

22 

484 

10048 

4.6904158 

2.8020893 

.045454545 

23 

529 

12167 

4.7958315 

2.8438670 « 

.043478261 

24 

576 

13824 

4.8989795 

2.8844991 

.041666667 

25 

625 

15625 

5.0000000 

2.9240177 

.040000000 

26 

676 

17576 

5.0990195 

2.9624960 

.086461588 

27 

729 

19683 

5.1961524 

8.0000000 

.087087087 

28 

784 

21952 

5.2915026 

3.0865889 

.035714286 

29 

841 

24389 

5.3851648 

8.0723168 

.084462759 

80 

900 

27000 

5.4772256 

8.1072825 

.038383838 

31 

961 

29791 

6.5677044 

8.1413806 

.032258066 

32 

1024 

32708 

5.6568542 

8.1748021 

.031250000 

33 

1089 

35937 

5.7445626 

8.2075343 

030803080 

34 

1156 

39304 

5.8309519 

3.2396118 

.029411765 

35 

1225 

42875 

5.9160798 

8.2710663 

.028571429 

36 

1296 

46056 

6.0000000 

3.3019272 

.027777778 

37 

1369 

50653 

6.0827625 

8.3822218 

.027027027 

38 

1444 

54872 

6.1644140 

3.3619754 

.026815789 

39 

1521 

59319 

6.2449980 

8.3912114 

.025641026 

40 

1600 

64000 

6.3245553 

8.4199519 

.025000000 

41 

1681 

68921 

6.4031242 

8.4482172 

.024890244 

^ 

1764 

74088 

6.4807407 

8.4760266 

.028809624 

43 

1849 

79507 

6.5574885 

3.5033981 

.028266814 

44 

1936 

85184 

6.6332496 

8.5303483 

.022'/!2'«78 

45 

2025 

91125 

6.7082089 

8.5568933 

.022222282 

46 

2116 

97336 

6.7823300 

8.5830479 

.021789180 

47 

2209 

103823 

6.8556546 

8.6068261 

.021276600 

48 

2304 

110592 

6.9282082 

3.6342411 

.020888883 

49 

2401 

117649 

7.0000000 

3.6593057 

.020406163 

50 

2500 

125000 

7.0710678 

8.6840314 

.020000000 

51 

2601 

132651 

7.1414284 

3.7084298 

.019607843 

52 

2704 

140608 

7.2111026 

3.7325111 

.0192a07!» 

53 

2809 

148877 

7.2801099 

3.7562858 

.018807925 

54 

2916 

157464 

7.3484692 

8.Tr97681 

.018518619 

55 

3035 

166375 

7.4161985 

8.8029525 

.018181818 

56 

3136 

175616 

7.4838148 

8.8258624 

.017857148 

57 

3249 

185193 

7.6498844 

8.8485011 

.017TM8fl60 

58 

3364 

195112 

7.6157731 

8.8706766 

.017941879 

69 

3481 

205379 

7.6811457 

8.8929965 

.016040158 

60 

3600 

216000 

7.7459667 

8.9148676 

(Mtuuuuutfr 

.vluDOOOOi 

61 

3TO1 

226981 

7.810^97 

8.986497S 

.01680&I48 

62 

3844 

2S8S28 

7.8740079 

8.9578916 

.016129068 

.^l^ 


I 

J 


CUBE  ROOTS,  XND  RECIPROCALS. 


No. 

Squares. 

Cubes. 

Square 
Boots. 

Cube  Roots. 

R^iprocals. 

ffi) 

8969 

250047 

7.9372539 

3.9790571 

.015878016 

64 

4096 

262144 

8.0000000 

4.0000000 

.015625000 

65 

4225 

274625 

8.0622577 

4.0207256 

.015384615 

66 

4856 

287496 

8.1240884 

4.0412401 

.015151615 

67 

4489 

300763 

8.1853628 

4.0615480 

.014925373 

68 

4624 

814432 

8.2462113 

4.0616551 

.014705882 

60 

4761 

328509 

8.3066289 

4.1015661 

.014492754 

70 

4900 

348000 

8.3666008 

4.1212863 

.014285714 

71 

6011 

357911 

8.4261498 

4.1408178 

.014084507 

72 

5184 

373248 

8.4852814 

4.1601676 

.018888889 

73 

5329 

389017 

8.5440037 

4.1793390 

.013698630 

74 

5476 

405224 

8.6023253 

4.1983364 

.013513514 

75 

5625 

421875 

8.6602540 

4.2171633 

.013333383 

76 

5776 

438976 

8.7177979 

4.2358236 

.013157895 

77 

5929 

456533 

8.7749644 

4.2543210 

.012.87013 

78 

6064 

474552 

8.8317609 

4.2726586 

.012820513 

79 

6241 

493089 

8.8881944 

4.2908IO4 

.012658228 

80 

6400 

512000 

8.9442719 

4.3088605 

.012500000  • 

81 

6561 

531441 

9.0000000 

4.3267487 

.012345679 

8S 

6724 

551368 

9.0553851 

4.3444815 

.012195122 

83 

6889 

571787 

9.1104836 

4.3620707 

.012048193 

84 

7056 

592704 

9.1651514 

4.3795191 

.011904762 

85 

7225 

614125 

9.2195446 

4.3968296 

.011764706 

86 

7396 

636056 

9.2736186 

4.4140019 

.011627907 

8r 

7569 

658508 

9.3273791 

4.4310476 

.011494^3 

88 

7744 

681472 

9.3808315 

4.4479602 

.011363636 

89 

7921 

701969 

9.4339811 

4.4647451 

.011235955 

90 

8100 

729000 

9.4868880 

4.4814047 

.011111111 

91 

8281 

753571 

9.5893920 

4.4979414 

.010989011 

9i 

8464 

77ji688 

9.5916630 

4.514:»74 

.010869565 

93 

8649 

804357 

9.6436506 

4.5306549 

.010752688 

'  94 

8886 

830584 

9.6953507 

4.5468a59 

.010638298 

95 

9025 

857875 

9.7467948 

4.5629026 

.010326316 

96 

9216 

884786 

9.7979590 

4.5788570 

.010416667 

97 

9409 

912678 

9.8488578 

4.5947009 

.010309278 

98 

9604 

941192 

9.8994949 

4.6101363 

.010204082 

99 

9801 

970299 

9.9498744 

4.6260650 

.010101010 

100 

10000 

1000000 

10.0000000 

4.6415888 

.010000000 

101 

10201 

1030801 

10.0498756 

4.6570095 

.009900990 

103 

10404 

1061208 

10.0995049 

4.6723287 

.009803922 

103 

10609 

1092^/; 

10.1488916 

4.6875482 

.009708738 

104 

10816 

1124864 

10.1980390 

4.7026694 

.009615.385 

105 

11025 

1157625 

10.2469506 

4.7176940 

.009.523810 

106 

11236 

1191016 

10.2956801 

4.7326286 

.009433962 

107 

11449 

1225043 

10.3440804 

4.7474594 

.009346794 

108 

11664 

1259712 

10.3923048 

4.7622082 

.00  259259 

109 

11881 

1295029 

10.4403065 

4.7768562 

.009174312 

110 

12100 

1331000 

10.4880885 

4.7914199 

.009090909 

111 

12321 

1367631 

10.5356538 

4.8058955 

.009009009 

m 

12544 

1404928 

10.5880052 

4.8202845 

.0089285.1 

118 

12769 

1442897 

10.6801458 

4.8315881 

.008849558 

114 

12996 

1481544 

10.C77W88 

4.8488076 

.008771930 

115 

18225 

1520875 

10.?288053 

4.8629442 

.008695652 

116 

13456 

1560896 

10.7703296 

4.8769990 

.006620690 

117 

13689 

1601613 

10.8166588 

4.8909732 

.008547009 

118 

139^ 

1643032 

10.8627805 

4.9048681 

.008474576 

119 

14161 

1686159 

10.9067121 

4.9186847 

.006403361 

m 

14400 

1728000 

10.9644512 

4.9324242 

.006333333 

121 

14641 

1771561 

ll.OOOOOO 

4.9460874 

.006264463 

m 

14884 

1816848 

11.0458610 

4.9696767 

.006196721 

128 

15129 

1860867 

11.0905366 

4.9731898 

.008130061 

m 

15876 

1900624 

11.1866287 

4.9866310 

.006064616 

..^  sio 


TABLE  XXm.-SQUARES,  C^BES,  SQUARE  ROOTS. 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

* 

Reciprocals. 

1S5 

15625 

1953125 

11.1808399 

6.0000000 

.008000000 

126 

15876 

2000876 

11.2249722 

5.0182979 

.007936606 

137 

16129 

2048383 

11.2694277 

5.0265257 

.007874016 

188 

16384 

2097152 

11.3137085 

5.0396842 

.007812500 

129 

16641 

2146689 

11.3578167 

5.0527743 

.00'/Y51988 

190 

16900 

2197000 

11.4017543 

5.0657970 

.007692806 

131 

17161 

2248091 

11.4455231 

5.0787531 

.007638688 

138 

17424 

2299968 

11.4891253 

5.0916434 

.007575758 

183 

17689 

2352637 

11.5325626 

5.1044687 

.007518797 

lai 

17956 

2406104 

11.5758369 

5.1172299 

.007462687 

135 

18225 

2460375 

11.6189500 

5.1299278 

.007407407 

136 

•1&496 

2515456 

11.6619038 

6.1425632 

.007352941 

137 

18769 

2571&53 

11.7046999 

6.1551367 

.007299270 

1138 

19044 

2628072 

11.747»401 

6.1676498 

.007246877 

139 

19321 

2685619 

11.7898261 

5.1801015 

.007194245 

140 

19600 

2744000 

11.8321596 

5.1924941 

.007142867 

141 

19881 

2803221 

11.8743421 

6.2048279 

.007092199 

142 

20164 

2863288 

11.9163753 

6.2171084 

.007042254 

143 

20449 

2924207 

11.9582607 

6.2293216 

.006993007 

144 

20736 

2985984 

12.0000000 

6.2414828 

.006944444 

145 

21025 

8048625- 

1^.0415946 

5.2535879 

.006896552 

146 

21316 

3112136 

12.0830460 

6.2656874 

.006849815 

147 

21609 

3176523 

12.1243557 

5.2776321 

.006802721 

148 

21904 

3241792 

12.1655251 

5.2895735 

.006756757 

149 

22201 

380;'949 

12.2065556 

6.8014592 

.006711409 

150 

22500 

3375000 

12.;,j474487 

5.8132928 

.006666667 

161 

22801 

3442951 

12.2882057 

5.3250740 

.0066S2&17 

152 

23104 

3511808 

12.3288280 

5.3808033 

.006578947 

153 

2^409 

8581577 

12.3693169 

5.3484812 

.006535948 

154 

23716 

3652264 

12.4096736 

5.8601084 

.006493506 

155 

24025 

3723875 

12.4498996 

5.3710a'>4 

.006451613 

156 

24336 

3796416 

12.4899960 

5.8832126 

.006410256 

157 

24649 

3869893 

12.5299641 

5  8946907 

.006369427 

158 

24964 

3944312 

12.5698051 

5.4061202 

.006329114 

159 

25281 

4019679 

12.6095202 

6.417'5015 

.006289306 

160 

25600 

4096000 

12.6491106 

5.4288a52 

.006250000 

161 

25921 

4173281 

12.0885775 

6.4401218 

.006211180 

162 

26244 

4251528 

12.7279221 

5.4618618 

.00617>»40 

163 

26569 

43530747 

12.7671453 

5.4625556 

.006134969 

164 

26896 

4410J)44 

12.8062485 

5.4787037 

.006007361 

165 

27225 

4492125 

12.8452326 

5.4848066 

.006060606 

166 

27556 

4574296 

12.8840987 

6.4958647 

.006024096 

167 

27889 

4657463 

12. 922^^80 

5.5068784 

.005968024 

168 

28224 

4741632 

12.9614814 

6.51784S4 

.005962881 

169 

28561 

4826809 

13.0000000 

6.5287748 

.000917160 

170 

28900 

4918000 

18.03H4048 

6.6396588 

.005862858 

171 

29241 

5000211 

13.0766968 

5.5604991 

.005847053 

172 

29584 

5088448 

18.1148770 

6.6612978 

.005818963 

173 

29929 

51V7717 

13.1521M64 

6.67^0546 

.005780a47 

174 

30276 

5268024 

13.1909060 

6.6827702 

.005747126 

175 

30625 

5359375 

13.2287566 

6.6984447 

.005714286 

176 

30976 

5451776 

13.2664992 

6.6040787 

.005681618 

177 

31329 

5545233 

13.3041347 

6.6146724 

.005649718 

178 

316&4 

5639752 

18.3416641 

6.6252263 

.005617978 

179 

32041 

5735339 

13.8790882 

5.6357408 

.005666692 

180 

32400 

5832000 

18.4164079 

5.6462162 

.005665656 

181 

32761 

5929741 

18.4536240 

5.6566528 

.005524662 

182 

83124 

6028568 

18.490r376 

6.6670511 

.005494605 

188 

83489 

6128487 

18.5277498 

6.6774114 

.005464481 

184 

88856 

6229504 

18.6646600 

6.6877340 

.006484788 

185 

84226 

6881625 

18.6014705 

6.6980199 

.006406406 

186 

84696 

6484866 

18.6881817 

6.7088676 

.005976844 

317 


CUBE  ROOTS'- AND  RECIPROCALS. 


No. 

Squares. 

Cubes. 

Square 
Roots. 

f 

Cube  Roots,  , 

1 

Reciprocals. 

187 

84969 

658980B 

18.6747943 

5.7184791 

.006347594 

188 

85844 

6644678 

13.7118098 

5.7286543 

.005319149 

189 

35721 

6761269 

13.747?271 

5.7387936 

.005291005 

190 

36100 

6859000 

13.7&10488 

5.7488971 

.005263158 

191 

86481 

6967871 

13.8202750 

5.7589652 

.005235602 

192 

36864 

7077888 

13.8564065 

6.7689982 

.005208333 

193 

87249 

7189057 

13.8924440 

5.7789966 

.005181347 

194 

87636 

7301384 

13.9283883 

5.7889604 

.005154639 

195 

38025 

7414875 

13.9642400 

6.7988900 

.005128205 

196 

88116 

7529536 

14.0000000 

5.8087857 

.005102041 

197 

88809 

7645373 

14.0856688 

5.8186479 

.005076142 

198 

89204 

7762898 

14.0712473 

5.8284767 

.005080506 

199 

39601 

7880599 

14.1067860 

5.8382725 

.005025126 

SOO 

40000 

8000000 

14.1421356 

5.8480355 

.005000000 

201 

40101 

8120601 

14.1774469 

5.8577660 

.004975124 

•808 

40604 

8242406 

14.2126704 

6.8674643 

.004950495 

803 

41209 

8365427 

14.2478068 

6.8771307 

.00495^6108 

804 

41616 

8489664 

14.2828569 

5.8867053 

.0049015,61 

805 

48025 

8615125 

14.3178211 

5.8963685 

.004fc7fe049 

806 

42436 

8741816 

14.3627001 

6.9059406 

.004854369 

207 

42849 

8869743 

14.8874946 

5.9154817 

.004880918 

808 

43264 

8998912 

14.4222051 

5.9249921 

■  .004807692 

209 

43681 

9180889 

14.4568323 

6.9344721 

.004784689 

210 

44100 

9261000 

14.4913767 

5.9439220 

.004761905 

211 

44521 

9393931 

14.5258390 

5.9533418 

.004739336 

212 

44944 

9528128 

14.5602198 

5.9627320 

.004716981 

213 

45369 

9603597 

14.5945195 

5.9720926 

.004694836 

214 

45796 

9800344 

14.6287388 

5.S814240 

.004672897 

' 

215 

46225 

9938375 

14.6628783 

5.9907264 

.004651163 

216 

46656 

10(»77696 

14.69693a5 

6.0000000 

.004629630 

217 

47089 

10218313 

14.7309199 

6.0092450 

.001608295 

218 

47584 

10360232 

14.7648231 

6.0184617 

.004587156 

219 

47961 

10503469 

14.7986486 

6.0276502 

.004566210 

220 

48400 

10018000 

14.8328970 

6.0368107 

.004545455 

221 

48841 

10798861 

14.8660687 

6.0459435 

.004524887 

222 

49284 

10941048 

14.8996644 

6.0.'550489 

.004504505 

223 

49729 

11089567 

14.9331815 

6.0641270 

.004484306 

224 

50176 

11239421 

14.9666295 

6.0731779 

.004464286 

225 

50625 

11390625 

15.0000000 

6.0822020 

.004444444 

226 

51076 

11543176 

15.033296f 

6.0911994 

.004424779 

227 

51529 

11697083 

15.0665192 

6.1001702 

.004405286 

228 

51984 

11852352 

15.0996689 

6.1091147 

.004385965 

229 

ssmi 

12008989 

15.1827460 

6.1180332 

.004366812 

230 

52900 

12167000 

15.1657509 

6.1269257 

.004347826 

231 

53361 

12326391 

15.1986812 

6.1357924 

.004329004 

232 

53824 

12187168 

15.2315462 

6.1446337 

.004310345 

233 

54289 

12649337 

15.2643375 

6.1534496 

.001291845 

234 

54756 

12812904 

15.2970585 

6.1622401 

.  00427  3.':04 

235 

55225 

12977875 

15.3297097 

6.1710058 

.0042f:f:319 

236 

55696 

13144256 

15.3622915 

6.1797466 

.004^37 1^88 

237 

56169 

13312053 

15.3948043 

6.1884628 

.004219409 

238 

56644 

13481272 

15.4272486 

6.1971544 

.004201681 

239 

57121 

13651919 

15.4596248 

6.2058218 

.004184100 

210 

57600 

18824000 

15.4919334 

6.2144650 

.004166667 

2il 

58081 

1899^'521 

,   15.5241747 

6.2230843 

.004149378 

212 

68564 

1417SM88 

15.5563492 

6.2816797 

.004132231 

243 

59049 

14348907 

15.5884573 

6.2402515 

.004115226 

244 

59536 

146267R1 

15.6204994 

6.2487998 

.004098361 

245 

60025 

14706125 

15.6524758 

6.2573248 

.004081633 

946 

60516 

14886986 

15.6843871 

6.8658266 

.004065041 

S47 

61009 

15069228 

16.7162336 

6.2743054 

.004046583 

848 

61604 

1686^998 

15.7480167 

6.8827613 

.004032868 

i>.id 


TABLE  XXm.— SQUARES,  ClJfeES,  SQUARE  ROOTS, 


■     I 


No. 

Squares. 

Cubes. 

Square 
Roots. 

1   1 

Cube  Roots. 

Reciprocals. 

249 

62001 

15438249 

15.7797338 

6.2911946 

.004016064 

250 

62500 

15625000 

15.8113883 

6.2996053 

.004000000 

251 

63001 

15813251 

15.8429795 

6.3079935 

.003984064 

252 

635D4 

16003008 

15.8745079 

6.3163596 

.003968254 

253 

64009 

16194277 

15.9059737 

6.3247035 

.003952569 

254 

64516 

16387064 

15.93r3775 

6.3330256 

.003937008 

255 

65025 

16581375 

15.9687194 

6.3413257 

.003921569 

256 

65530 

16777216 

16.0000000 

6.3496042 

.003906250 

257 

66049 

16974593 

16.0312195 

6.3578611 

.008891051 

258 

66564 

17173512 

16.0623784 

6.3660968 

.003875969 

259 

67081 

17373979 

16.0934769 

6.3743111 

.003861004 

2G0 

67600 

17576000 

16.1245155 

6.3825043 

.003846154 

261 

68121 

17779581 

16.1564944 

6.3906765 

.003881418 

2tf^ 

68644 

17984728 

16.1864141 

6.3988279 

.008816794 

263 

69169 

18191447 

16.21?2747 

6.4069585 

.003802281 

261 

69696 

18399744 

16.2480768 

6.4150687 

.003787879 

265 

70225 

18609625 

16.2788206 

6.4231583 

.003778585 

266 

70756 

18821096 

16.3095064 

6.4312276 

.003759898 

267 

71289 

19034163 

16.3401346 

6.4392767 

.008745318 

268 

71824 

19248832 

16.3707055 

6.4473057 

.003731343 

269 

72361 

19465109 

16.4012195 

6.4553148 

.008717472 

270 

72900 

19683000 

16.4316767 

6.4633041 

.003703704 

271 

73441 

19902511 

16.4620776 

6.4712786 

.003690087 

272 

73984 

20123648 

16.4924225 

6.4792236 

.003676471 

273 

7452a 

20346417 

16.5227116 

6.4871641 

.003663004 

274 

75076 

20570824 

16.5529454 

6.4950653 

.008649685 

275 

75625 

20796875 

16.5831240 

6.5029572 

.008686864 

276 

76176 

21024576 

16.6132477 

6.5108300 

.008628188 

277 

76729 

21258933 

16.6433170 

6.5186839 

.008610108 

278 

77284 

21484952 

16.6733320 

6.5265189 

.008597122 

279 

77841 

21717639 

16.7032931 

6.534S851 

.0035812S9 

280 

78400 

21952000 

16.7832005 

6.5421326 

.003571429 

281 

78961 

22188041 

16.7630546 

6.5499116 

.003568719 

282 

79624 

22425768 

16.7928556 

6.5576722 

.003546099 

283 

80089 

22665187 

16.8226038 

6.5654144 

.003588569 

2^4 

80656 

22906304 

16.8522995 

6.5731885 

.003521127 

285 

81225 

23149125 

16.8819430 

6.580ft443 

.003508772 

286 

81796 

23393656 

16.9115345 

6.6885823 

.003496508 

287 

82369 

2363990^ 

16.9410748 

6.5962023 

.003484821 

288 

82944 

23887872 

16.9705627 

6.6038645 

.003472222 

289 

83521 

24137569 

17.0000000 

6.6114890 

.O0346O:d06 

290 

84100 

24389000 

17.0293864 

6.6101060 

.003448278 

291 

84681 

24642171 

17.0587221 

6.6267a54 

.0034d&426 

292 

85264 

24897088 

17.0880075 

6.6342874 

.00a424658 

293 

85849 

25153757 

17.1172428 

6.6418522 

.003412909 

294 

86406 

2M12184 

17.1464282 

6. 5498996 

.003401861 

295 

87025 

25672375 

17.1755640 

6.6569802 

.008889681 

296 

87616 

25934336 

17.2046505 

6.6644487 

.008878378 

297 

88209 

26198073 

17.2336879 

6.6719408 

.006867008 

298 

88804 

2646a'J92 

17.2626765 

6.6794200 

.008856705 

299 

89401 

26730899 

17.2916165 

6.6868881 

.003344ia!l 

300 

90000 

27000000 

17.3205081 

6.6943295 

.008833333 

301 

90601 

27270901 

17.3493516 

6.7017598 

.0033aS2d50 

302 

91204 

27543608 

17.37814T2 

6.7091729 

.003311258 

303 

91809 

27818127 

17.4068952 

6.7166700 

.003300380 

804 

92416 

28094464 

17.4355958 

6.7239508 

.003289474 

305 

93025 

28372625 

17.4642492 

6.7313155 

.003278689 

306 

93636 

28652616 

17.4928557 

6.7386ft41 

.003867974 

807 

94249 

28934443 

17.6214156 

6.7459967 

.008S57329 

308 

94864 

29218112 

17.6499288 

6.7588184 

.008»IO7Q8 

309 

9M81 

29503629 

17.5783958 

6.7606143 

.008880846 

310 

96100 

29791000 

17.6068169 

6.7678995 

U9 


r 


CUBE  ROOTS,%KD  RECIPROCALS. 


f 

No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

811 

96721 

30060231 

17.6351921 

6.7751690 

.003215434 

312 

97344 

80371328 

17.6635217 

6.7824229 

.003205128 

813 

97969 

30664297 

17.6918060 

6.7896613 

.003191888 

814 

98596 

30959144 

17.7200451 

6.7968844 

.003184713 

315 

99225 

31255875 

17.7482393 

6.8040921 

.003174603 

316 

99856 

31554496 

17.7763888 

6.8112847 

.008164557 

317 

100489 

81855013 

17.8044938 

6.8184620 

.003154574 

818 

101124 

82157432 

17.8325645 

6.8256242 

.003144654 

319 

101761 

82461759 

17.8605711 

6.8327714 

.003134796 

820 

102400 

82768000 

17.8885488 

6.8399087 

.003125000 

821 

103041 

88076161 

17.9164729 

6.8470213 

.003115265 

322 

103684 

83386248 

17.9443584 

6.8541240 

.003105590 

323 

104329 

83698267 

17.9722008 

6.8612120 

.003095975 

824 

104976 

34012224 

18.0000000 

6.8682855 

.003086420 

325 

105625 

34328125 

18.0277564 

6.8753443 

.003076923 

326 

106276 

84645976 

18.0554701 

6.8823888 

.003067485 

827 

106929 

84965783 

18.0831413 

6.8894188 

.003058104 

828 

107584 

35287552 

18.1107703 

6.8964345 

.003048780 

329 

106241 

35611289 

18.1883671 

6.9034359 

.003039514 

830 

106900 

85987000 

18.1659021 

6.9104232 

.003080303 

331 

109561 

36264691 

18.1934064 

6.9173964 

.003021148 

332 

1102^ 

36594368 

18.2308672 

6.9243556 

.003012048 

333 

110889 

36U26037 

18.2482876 

6.9313008 

.003003003 

834 

111556 

37259704 

18.2756669 

6.9382321 

.002994012 

835 

112225 

37595375 

18.3080052 

6.9451496 

.002985075 

336 

112896 

37933056 

18.8303028 

6.9520533 

.002976190 

337 

113569 

38272753 

18.3575598 

6.9589434 

.002967369 

338 

114244 

38614472 

18.3847763 

6.9658198 

.002958580 

839 

114921 

88958219 

18.4119526 

6.9726826 

.002949853 

840 

115600 

39304000 

18.4390889 

6.9795321 

.002941176 

341 

116281 

39651821 

18.4661853 

6.9863681 

.002982551 

342 

116964 

40001688 

18.4932420 

6.9931906 

.002923977 

343 

117049 

40353607 

18.5202592 

7.0000000 

.002915452 

344 

118336. 

40707584 

18.5473370 

7.0067962 

.002906977 

345 

119025 

41063625 

18.5741756 

7  0135791 

.002898551 

316 

119716 

41421736 

18.6010752 

7.0203490 

.002890178 

847 

120409 

41781923 

18.6279360 

7.0271058 

.002881844 

848 

121104 

42144192 

18.6547581 

7.0338497 

.002873568 

849 

121801 

42508549 

18.6815417 

7.0405806 

.002865330 

350 

122500 

42875000 

18.7082869 

7.0472987 

.002857143 

351 

123201 

43243551 

18.7349940 

7.0540041 

.002849003 

352 

123904 

43614208 

18.7616630 

7.0606967 

.002840909 

853 

124609 

43986977 

18.7882942 

7.0673767 

.002882861 

354 

125316 

44361864 

18.8148877 

7.0740440 

.002824859 

855 

126025 

44738875 

18.8414437 

7.0806988 

.002816901 

856 

126736 

45118016 

18.8679623 

7.0873411 

.002808989 

857 

127449 

45499293 

18.8944436 

7.0939709 

.002801120 

358 

128164 

45882712 

18.9208879 

7.1005885 

.002793296 

859 

128881 

46268279 

18.9472953 

7.1071937 

.002785515 

360 

129600 

46656000 

18.9736660 

7.1187866 

.002';77V78 

361 

130321 

47045881 

19  0000000 

7.1203674 

.002770083 

362 

131044 

47437928 

19.0262976 

7.1269360 

.002762431 

863 

131769 

47832147 

19.0525589 

7.1334925 

.002754821 

864 

132496 

48228544 

19.0787840 

7.1400370 

.002747253 

865 

133225 

48627125 

19.1049732 

7.1465695 

.002739726 

866 

133956 

49027896 

19.1311265 

7.1530901 

.002732240 

867 

134689 

49430863 

19.1572441 

7.1595988 

.002724796 

868 

135424 

49836032 

19.1883261 

7.1660957 

.002717391 

869 

186161 

50243409 

19.2093727 

7.1725809 
7.1790544  \ 

.002710027 

370 

136900 

50653000 

19.2353841 

.002702703 

871 

137641 

51064811 

19.2613603 

7.1855162 

.002695418 

372 

138384 

51478848 

19.28r3015 

7.1919663 

.002688172 

'd}6\i 


TABLE  XXm.-6QtJARES,  <^ES,  SQUARE  ROOTS. 


No. 

Squares. 

Cubes. 

Square 
RootR. 

Cube  Roots. 

Eeciprocals. 

878 

139129 

51895117 

19.3182079    i 

7.1984050 

.002680065 

874 

139876 

62313624 

19.3390796 

7.2048822 

.002673797 

875 

140625 

62r<}4375 

.   19.3649167 

7.2112479 

•    .002666667 

876 

141376 

63157376 

19.3907194 

7.2176522 

.002669574 

877 

142129 

53582633 

19.4164878 

7.25M0450 

.002652520 

378 

142884 

54010152 

19.4422221 

7.2304268 

.002646608 

379 

14:3641 

54439989 

19.4679223 

7.2367972 

.002686622      ; 

380 

144400 

54872000 

19.498.5887 

7.2431565 

.002681579 

381 

145161 

55306841 

19.5192218 

7.2495045 

.002624672 

38-4 

145924 

55742968 

19.5448203 

7.2568415 

.OQ2617801 

883 

146(fe9 

56181887  • 

19.5703858 

7.2621675 

.002610966 

884 

147456 

56623104 

19.5959179 

7.2684824 

.0026(V4167 

.      385 

148225 

67066625 

19.6214169 

7.2747864 

.002597403 

386 

148996 

57512456 

19.6468827 

7.2810794 

.002590674 

387 

149769 

57960603 

19.6723156 

7.2873617 

.002583979 

388 

150544 

58411072 

19.6977156 

7.2936830 

.002577320 

389 

151321 

58863869 

19.7230829 

7.2998936 

.002670694 

390 

152100 

59819000 

19.7484177 

7. 8061436 

.002564108 

391 

152881 

59776471 

19.7787199 

7.3123828 

.002657645 

392 

153664 

60236288 

19.7989899 

7.8186114 

.0025.51020 

393 

154449 

60698457 

19.824iK76 

7.3Siiaa96 

.0026446129 

394 

155236 

61162984 

19.8494332 

7.8310369 

.002538071       f 

895 

156025 

6162J)875 

19.8746069 

7.83?^339 

.002681646 

396 

156816 

62099136 

19.8997487 

7.3484205 

.002625053 

397 

1.57609 

625707r3 

19.9248588 

7.8495966 

.002518802 

398 

158404 

63044792 

19.9499373 

7.3557«24 

.002618563 

899 

159201 

63521199 

19.9749844 

7.3619178 

.002506266 

400 

160000 

64000000 

20.0000000 

7.8680630 

.002500000 

401 

160801 

64481201 

20.0249844 

7.37'41979 

.0024953766 

402 

161604 

64964808 

20.0499377 

7.3803227 

.00iM87662 

403 

162409 

65450827 

20.0748599 

7.;3864378 

.002481890 

404 

163216 

65939264 

20.0997512 

T. 3925418 

.002476248 

405 

164025 

66430125 

20.1246118 

7.3986868 

.002460186 

406 

164*36 

66923416 

20.1494417 

7.4047208 

.002468054 

407 

165649 

67419143 

20.1742410 

7.4107950 

.OOSM57002 

408 

166464 

67917312 

20.1990099 

7.4168596 

.002450980 

409 

167281 

68417929 

20.2237484 

7.4229142 

.002444988 

410 

168100 

68921000 

20.24i84567 

7.4289589 

.0024390^ 

411 

168921- 

69426531 

20.2731349 

,      7.4849938 

.002488090 

412 

169744 

69934528 

20.2977831 

7.4410189 

.002427184 

413 

170569 

70444997 

20.3224014 

1       7.4470342 

.002421808 

414 

171396 

709571W4 

20.3469899 

j       7.45;3a399 

.002415459 

415 

1?^225 

71473375 

20.3716488 

7.45{K)859 

.002409639 

416 

17^3056 

71991296 

20.3960781 

j      7.4650228 

.002408846 

417 

17J3889 

72511713 

20.4205779 

7.4709991 

.oos&asosi 

418 

174724 

1       73034632 

20.44.'')0483 

7.4709664 

.002892844 

419 

175561 

73560059 

20.4694895 

7.4829248 

.002886685      , 

420 

176400 

74088000 

20.4939015 

7.4888724 

.002880052 

421 

177241 

74618461 

20.. 5182845 

7.4948118 

.002375297, 

422 

178084 

75151448 

20.5426386 

7.5007406 

.00236966^ 

428 

178929 

75686967 

20.5669638 

7.5066607 

.002864066      1 

424 

179776 

y>822.5024 

20  5912603 

7.5125715 

.002858491 

425 

180625 

76765625 

20.6155281 

7. .5184730 

.002RK8941 

426 

181476 

77808776 

20.6397674 

7.52436.52 

.002847418 

427 

182329 

778.'>1483 

20.66397K3 

7., 5:302482 

.002341020 

428 

183184 

784027.52 

20.6881609 

7.5361221 

.002396449 

429 

184041 

789.'53589 

20.712:3152 

7.&419867 

.002381002 

430 

184900 

79507000 

20.7364414 

7.&47>«428 

.002385581 

431 

185701 

80062991 

20.7(J05:3i)5 

7.. 5536888 

.0028^186 

432 

186624 

80621,568 

21).7846(W 

7.55952(i3 

.002314815 

438 

187489 

81182737 

20.8086.-)20 

7.665a'>48 

.008800460       1 

434 

188356 

81746504 

20.8326667 

7.5711748 

.008SM147       1 

891 


CITBE  ROOT^AND  RECIPROCALS. 


r 
No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Beciprooals. 

435 

189225 

82312875 

20.8566536 

7.5769649 

.002298851 

436 

190096 

82881856 

20.8806130 

7.5827^65 

.002293578 

437 

190969 

88453453 

20.9045450 

7.5885793 

.0022-i8330 

438 

191844 

84027672 

20.9284495 

7.5943633 

.002283105 

439 

192721 

84604519 

20.9523268 

7.6001385 

.002277904 

440 

193600 

85184000 

20.97617r0 

7.6059049 

.0022'r2727 

441 

194481 

85766121 

21.0000000 

7.6116626 

.00:iK67574 

442 

195364 

86350888 

21.0237960 

7.6174116 

.002262443 

443 

196249 

86988307 

21.0475652 

7.6231519 

.002257336 

444 

197136 

87528384 

21.0713075 

7.6288837  J 

.002252252 

445 

198025 

88121125 

21.0950231 

7.6346067 

.002247191 

446 

198916 

88716536 

'  21.1187121 

7.6403213 

.00-.»42152 

447 

199809 

89314623 

21.1423745 

7.6460272 

.002237136 

448 

200704 

89915392 

21.1660105 

7.6517247 

.0022:32143 

'449 

201601 

90518849 

21.1896201 

7.6574133 

.002227171 

450 

202500 

91125000 

21.2132034 
21.2367606 

7.6630043 

.002222222 

451 

203401 

©1733851 

7.6687665 

.002217295 

452 

204304 

©2345408 

21.2602916 

7.6744303 

.002212389 

453 

205209 

92959677 

21.2837967 

7.6800857 

.002207506 

451 

206116 

93576664 

21.307^58 

7.6857328 

.002202643 

455 

207025 

ft4196375 

21.3307290 

7.6913717 

.002197802 

456 

207936 

&4818816 

21.3541565 

7.6970023 

.002192982 

457 

208819 

95443993 

21.3775583 

7.7026246 

.002188184 

458 

209764 

96071912 

21.4009316 

7.7082:388 

.002183406 

459 

210681 

96702579 

21.4242853 

7.7138448 

.002178649 

460 

211600 

97386000 

21.4476106 

7.7194426 

.002173913 

461 

312521 

97972181 

21.4709106 

7.7250325 

.002169197 

462 

213444 

98611128 

21.4941853 

7.7306141 

.002164502 

463 

214369 

99252847 

21.5174348 

7.7361877 

.002159827 

464 

215296 

99897344 

21.5406592 

7.7417532 

.002155172 

465 

216225 

100544625 

21.5638587 

7.7473109 

.002150538 

466 

217156 

101194696 

21.5870331 

7.7528606 

.002145923 

467 

218089 

101847563 

21.6101828 

7.7584023 

.002141328 

468 

219024 

102503232 

21.6333077 

7.7839361 

.002136752 

469 

219961 

103161709 

21.6564078 

7.7694620 

.002132196 

470 

220900 

103823000 

21.67*4834 

7.7749801 

.002127660 

471 

221841 

104487111  ' 

21.7025344 

7.7804904 

.002123142 

472 

2227^ 

105154048 

21.7^55610 

7.7859928 

.002118644 

473 

223729 

105823817 

21.7485632 

7.7914875 

.002114165 

474 

224676 

106496424 

21. '1715411 

7.7969745 

.002109705 

475 

225625 

107171875 

21.7944947 

7.8024538 

.002105263 

476 

226576 

107850176 

21.8174242 

7.8079254 

.002100840 

477 

227529 

108531.3.33 

21.8403297 

7.8133892 

.0(W096436 

4re 

228484 

109215a52 

21  8632111 

7.8188456 

.002092050 

479 

229441 

109902239 

21.8860686 

7.8242942 

.002087683 

480 

230400 

110592000 

21.9089023 

7.8297353 

.002088333 

481 

231361 

111284641 

21.9317122 

7.»351688 

.002079002 

482 

232324 

111980168 

21.9544984 

7.8405949 

.002074689 

•  483 

233289 

112678587 

21.9rr2()10 

7.8460134 

.002070393 

484 

234256 

113379904 

22.0000000 

7.8514244 

.0(>,J066116 

485 

235225 

114084125 

22.0227155 

7.8568281 

.002061856 

486 

236196 

114791256 

22.0454077 

7.8622^2 

.002057613 

487 

237169 

115501303 

22.0680765 

7.8676130 

.00205.3388 

488 

238144 

116214272 

22.0907220 

7.8729944 

.0(>i049180 

489 

239121 

1169301G9 

22.11*3444 

7  8783684 

.002044990 

490 

240100 

117649000 

22.ia59436 

7.8837352 

.002040816 

491 

241081 

118370771 

22.15a5198 

7.8890946 

.002036660 

492 

242064 

119095488 

22.1810730 

7.8944468 

.0020:32520 

493 

243049 

119823157 

22.2036033 

7.8997917 

.002028:398 

494 

244036 

120553784 

22.22611(18 

7.9051294 

.002024291 

4a5 

245025 

121287375 

22.2485955 

7.9104599 

.002020202 

496 

246016 

122023936 

22.2710575 

7.9157832 

.002016129 

322. 


TABLE  XXttl.— SQUARES,  ClJfeES,  SQUARE  ROOTS, 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

497 

247009 

122768473 

22.2984968 

7.9210094 

498 

248004 

.  123505992 

22.8159136 

7.9264085 

499 

249001 

124251499 

23.3388079 

7.9317104 

500 

250000 

125000000 

22.8606798 

7.9370058 

501 

251001 

125751501 

22.8830293 

7.9422981 

502 

252  J04 

126506008 

22.4058565 

7.9475789 

503 

253009 

127263527 

22.4276615 

7.9528477 

501 

254016 

128024064 

22.4499443 

7.9581144 

505 

255025 

128787625 

22.4722061 

7.9683743 

506 

256036 

129554216 

22.4944488 

7.9686271 

507 

257049 

130323848 

22.5166605 

7.9788781 

508 

258064 

131096512 

22.5888558 

7.9791122 

509 

259081 

131872229 

22.5610288 

7.9843444 

510 

260100 

132651000 

22.5881796 

7.9895697 

511 

261121 

133432831 

22.6053091 

7.9947883 

512 

262144 

134217728 

22.6274170 

8.0000000 

513 

263169 

135005697 

22.6495038 

8.0052049 

514 

264196 

135796744 

22.6715681 

8.0104082 

515 

265225 

136590875 

22.6936114 

8.0155946 

516 

266256 

137388096 

22.7156334 

8.020^/94 

517 

267289 

138188413 

22.7876840 

8.0250574 

518 

268324 

138991832 

22.7596134 

8.0311287 

619 

269361 

139798359 

22.7815715 

8.0362935 

520 

270400 

140608000 

22.8036085 

8.0414615 

-521 

271441 

141420761 

22.8254244 

8.0466080 

522 

272484 

142236648 

22.8473198 

8.0517479 

523 

273529 

143055667 

22.8691933 

8.0568862 

621 

274576 

143877824 

22.8910468 

8.0620180 

625 

275625 

144703125 

22.9128785 

8.0671432 

626 

276676 

145581576 

22.9346899 

8.0722620 

527 

277729 

146363183 

22.9564806 

8.0773743 

528 

278784 

147197952 

22.9782506 

8.0824800 

529 

279841 

148035889 

28.0000000 

8.0875794 

530 

280900 

148877000 

23.0217289 

8.0926728 

531 

281961 

149?21291 

28. 043487^ 

8.0977589 

532 

283024 

150568768 

23.0651252 

8.102a890 

533 

284089 

151419437 

23.0867928 

8.1079128 

534 

285156 

152273304 

28.1084400 

8.1129808 

535 

286225 

158130375 

23.1300670 

8.1180414 

536 

287296 

153990656 

23.1516788 

8.1280962 

537 

288369 

154854153 

23.1732605 

8.1281447 

538 

289444 

155720872 

28.1948270 

8.1831870 

539 

290521 

156590819 

23.2163735 

8.1882280 

• 

540 

291600 

157464000 

23.2379001 

8.1482529 

541 

292681 

158340421 

28.2594067 

8.1482765 

542 

293764 

159220088 

28.2808935 

8.1582989 

543 

294849 

16C103007 

28.3023604 

8.1588051 

544 

295936 

160989184 

28.3288076 

8.1688102 

545 

■  297025 

161878625 

23.3452851 

8.1688092 

546 

298116 

162771336 

23.3666429 

8.1733020 

547 

299209 

163667323 

23.3880311 

8.1782888 

648 

300304 

164566592 

23.4093998 

8.1&*J2695 

549 

301401 

165469149 

23.4807490 

8.1882441 

650 

802500 

166375000 

23.4520788 

8.1932127 

551 

303601 

1672&4151 

23.4733802 

8.1981758 

552 

304704 

168196608 

2:^.4946802 

8.2031319 

553 

305809 

169112377 

23.5159520 

8.2080625 

554 

306916 

17001^1464 

23.53?2046 

8.2180271 

555 

308025 

170953875 

23.55*4380 

8.2179657 

556 

309136 

171879616 

23.5796522 

8.2228985 

657 

310249 

172808693 

23.6008474 

8.2278254 

558 

311364 

173741112 

23.6220236 

8.2327468 

Rec?.procal& 


.002012072 
.002006032 
.002004006 

.002000000 
.001996006 
.001992032 
.001988072 
.001984127 
.001980196 
-001976285 
.001972387 
.00196»504 
.001964687 

.0019607B4 
.001956947 
.001958125 
.001949318 
.001945625 
.001941748 
.001937964 
.001984236 
.001930502 
.001926782 

.001928077 
.001919886 
.001915709 
.001912046 
.001906897 
.001904762 
.001«H141 
.OOlSaiTSSSi 
.001893989 
.001890869 

.001886792 
.001888289 
.001879699 
.001876173 
.001872659 
.001869159 
.001865672 
.001862197 
.001858ra6 
.001855288 

.001851852 
.001848429 
.001»45018 
.001641621 
.001838285 
.001834803 
.001831602 
.001888154 
.001824818 
.001821494 

.001818162 
.001814883 
.00181 15&I 
.001806318 
.001806054 
.001801809 
.001796561 
.0017968SS 
.OOITBEUIS 
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CUBE  ROOTS,  And  reciprocals. 


No. 

Squares. 

Cubes. 

Square 
Boots. 

Cube  Roots. 

Reciprocals. 

660 

812481 

174676879 

28.6481806 

8.2376614 

.001788909 

660 

313600 

175616000 

23.6643191 

8.2425706 

.001785714 

661 

314721 

176558481 

23.6654:«6 

8.2474740 

.001762531 

662 

315844 

177504328 

23.7065392 

6.2523715 

001779359 

668 

316969 

176453547 

23.7^6210 

8.2572683 

.001776199 

564 

318096 

179406144 

23.7466642 

8.2621492 

.001773050 

666 

319225 

160362125 

23.7697266 

6.2670294 

.001769912 

666 

320356 

161321498 

23.7907545 

8.2719039 

.001766784 

567 

321489 

162264263 

23.8117618 

6.2767726 

.001763668 

668 

322624 

193250432 

23.6327506 

8.2616355  . 

.001760563 

669 

323761 

1642^>0000 

2o.U537>i09 

8.2664928 

.001757469 

570 

324900 

185193000 

23.6746728 

8.2913444 

.001754886 

671 

326041 

186169411 

23.6956063 

8.2961903 

.001751318 

672 

327164 

167149246 

23.9165215 

8.3010604 

.001748252 

678 

828329 

168132517 

23.9374164 

8.3058651 

.001746201 

674 

829476 

169119224 

23.9582971 

8.3106941 

.001742160 

675 

330625 

190109375 

23.9791576 

8.3155175 

.001739130 

576 

331776 

191102976 

24.0000000 

6.3208853 

.001736111 

677 

382929 

192100038 

24.0206243 

8.3251475 

.001783102 

578 

834064 

193100552 

24.0416306 

8.8299642 

.001730104 

679 

835241 

194104539 

24.0624166 

6.3847558 

.601727116 

680 

886400 

195112000 

24.0831891 

8.3395509 

.001724188 

681 

837661 

196122941 

24.1039416 

8.3443410 

.001721170 

682 

888724 

197137866 

24.1246762 

8.3491256 

.001718218 

688 

889689 

196155267 

24.1453929 

6.3539047 

.001715266 

684 

841056 

199176704 

24.1660919 

8.3586784 

.001712329 

665 

842^5 

200201625 

24.1867732 

€.3634466 

.001709402 

686 

843396 

201230056 

24.2074369 

8.3662095 

001706485 

687 

344569 

202262003 

24.2260629 

8.3729666 

.001703578 

588 

345744 

203297472 

24.2467113 

6.3777188 

.001700660 

589 

846921 

204336469 

24.2693222 

8.3824653 

.00169'/793 

690 

848100 

205879000 

24.2899156 

8.3872065 

.001694916 

691 

349281 

206425071 

24.3104916 

8.8919423 

.001692047 

692 

350464 

207474666 

24.3310501 

6.3966729 

.001689189 

693 

851649 

208527857 

24.3515918 

8.4018981 

.001686341 

694 

852636 

S095S4564 

24.3721152 

8.4061180 

.001683502 

695 

354025 

210644875 

24.3926218 

8.4108826 

.001680672 

696 

356216 

211706736 

24.4131112 

8.4165419 

.001677852 

697 

356409 

212776173 

24.4335834 

8.4202460 

.001675042 

598 

857604 

213847192 

24.4540885 

6.4249446 

.001672241 

599 

868601 

214921799 

24.4744765 

8.4296863 

.001669449 

600 

860000 

216000000 

24.4948974 

8.4348267 

.001666667 

601 

861201 

217081801 

24.5153013 

8.4390096 

.001668894 

602 

362404 

218167206 

24.5356883 

8.4486877 

.001661130 

603 

868609 

219256227 

24.5560583 

8.4488605 

.001658375 

604 

864816 

220346664 

24.5764115 

8.4530281 

.001C55629 

605 

366025 

221445125 

24.5967476 

8.4576906 

.001652893 

606 

367286 

222545016 

24.6170673 

8.4628479 

.0U1650165 

607 

368449 

223648543 

24.6373/00 

8.4670001 

.001647446 

606 

869664 

224755712 

24.6576560 

8.4716471 

.001644737 

609 

870681 

225666529 

24.6779254 

8.4762692 

.001642036 

610 

872100 

226981000 

24.6981781 

8.4809261 

.001639844 

611 

873321 

226099131 

24.7184142 

8.4856579 

.001636661 

612 

874544 

229220928 

24.7366338 

8.4901648 

001638987 

618 

875769 

230346397 

24.7588368 

8.4948065 

001631321 

614 

876996 

231475544 

24.7790234 

8.4994233 

.001628664 

615 

876226 

.  232608375 

24.7991985 

8.5040350 

.001626016 

616 

879456 

238744896 

24.8193478 

8.5086417 

.001628877 

617 

880689 

284885113 

24.6394847 

8.5182485 

.001620746 

618 

881924 

286029082 

24.8596056 

8.5178403 

.001618128 

619 

888161 

287176669 

24.8797106 

8.5224321 

.001615609 

620 

884400 

238828000 

24.8997992 

8.6270189 

.001612908 

324 


TABLE  XXIIL-SQUAEES,  CUBES,  SQUARE  ROOTS, 


No. 


621 
622 
623 
624 
625 
626 
627 
628 
629 

630 
631 
632 
633 
GU 
635 
636 
637 
638 
639 

640 
641 
642 
643 
644 
645 
646 
647 
648 
649 

650 
651 
652 
653 
654 
655 
656 
657 
658 
659 

660 
661 
662 
663 
664 
665 
666 
667 
668 
669 

(J70 
671 
6?2 
6-^3 
674 
675 
676 
677 
678 
679 

680 
681 
682 


Squares. 


385641 
386884 
388129 
389376 
390625 
391876 
393129 
394384 
395641 

396900 
398161 
399424 
400689 
4019.56 
403225 
404496 
405769 
407044 
408321 

409600 
410881 
412164 
413449 
414736 
416025 
417316 
418609 
419904 
421201 

422500 
423801 
425104 
426409 
427716 
429025 
430336 
431649 
432964 
434281 

4a5600 
436921 
438244 
439569 
440896 
442225 
44a556 
414889 
446224 
447561 

448900 
450241 
451584 
452{)29 
454276 
455625 
456976 
458:^29 
45i)684 
461041 

462400 
463761 
465124 


Cubes. 


239483061 
240641848 
241804367 
^42970624 
244140625 
245314376 
246491883 
»47673152 
248858189 

250047000 
251239591 
252435968 
253636137 
254840104 
256047875 
257259456 
258474853 
259694072 
260917119 

262144000 
263374721 
264609288 
265847707 
267089984 
268336125 
269586136 
270840023 
272097792 
273359449 

274625000 
275894451 
277167808 
278445077 
279726264 
281011375 
282300416 
28359*393 
284890312 
286191179 

287496000 
288804781 
290117528 
2914^247 
292754944 
29407J)625 
295408296 
296740963 
298077'632 
2994181309 

300763000 
302111711 
30*464448 
304821217 
3061820^ 
307546875 
308915776 
8102887a3 
311665752 
313046839 

314432000 
816821241 
817214568 


Square 
Roots. 


84.9198716 
24.9399278 
24.9599679 
24.9799920 
25.0000000 
25.0199920 
25.0399681 
25.0599282 
25.0798724 

25.0998008 
25.1197134 
25.1396102 
25.1594913 
25.1793566 
25.1992063 
25.2190404 
25.2388589 
25.2586619 
25.2784493 

25.2962213 
25.3179778 
25.3377189 
25.3574447 
25.3771551 
25.3968502 
25.4165301 
25.4361947 
25.4558441 
25.4754784 

25.4950976 
25.5147016 
25.5342907 
25.-5538647 
25.. 57342137 
25.5929678 
25.6124969 
25.6320112 
25.6.515107 
25.6709953 

25.6904652 
25.7099203 
25.7293607 
25.7487864 
25.7681975 
25.7875939 
25.8069758 
25.8263431 
25.8456960 
25.8650343 

25.8843682 
25.9036677 
26.9229628 
25.942*^4*5 
25.9()15100 
25.9807621 
26.0(XX)000 
2().  0192237 
2<}.  0384331 
20.0576284 

26.0768096 
20.0959767 
86.1151897 


Cube  Roots. 


Reciprocals. 


8.5316009 
8.5361780 
8.5407501 
8.5453173 
8.5498797 
8.  >541372 
8.5589899 
8.5635377 
8.5680807 

8.5726189 
8.5771523 
8.5816809 
8.5862047 
8.5907238 
8.5952380 
8.5997476 
8.6042525 
8.6087526 
8.6132480 

8.6177388 
8.6222248 
8.6267063 
8.6311830 
8.6356551 
8.6401226 
8-6445855 
8.6490437 
8.6534974 
8.6579465 

8.6623911 
8.6668310 
8.6712665 
8.6756974 
8.6801237 
8.6845456 
8.6889630 
8.6933759 
8.6977843 
8.7021882 

8.7065877 
8.7109827 
8.7153734 
8.7197596 
8.7241414 
8.'n285187 
8.7328918 
8.737^2604 
8.7416246 
8.7459846 

8.7503401 
8.7546913 
8.7590383 
8.7633809 
8.7677192 
8.7720532 
8.7763880 
8.7807084 
8.7850296 
8.7893466 

6.7936593 
8.7979679 
8.8098781 


.001610306 
.001607717 
.001605136 
.001602564 
.001600000 
.001597444 
.001594896 
.001.592:357 
.001589825 

.001587302 
.001584780 
.001582278 
.001579779 
.001577287 
.001574808 
.001572327 
.001569859 
.001567398 
.001564945 

.001562500 
.001560062 
.001557632 
.001555210 
.001652795 
.001650388 
.001647988 
.001645595 
.001643210 
.001640882 

.001638462 
.001636096 
.001533742 
.001531394 
.001529052 
.001526718 
.001624890 
.001522070 
.001519757 
.001517451 

.001615158 
.001612859 
.001610674 
.001606296 
.001606024 
.001503109 
.001601502 
.001499260 
.001497006 
.001494768 

.001492537 
.001490313 
.001488095 
.001485884 
.001483680 
.001481481 
.001479890 
.001477105 
.001474986 
.001472754 

.00147058B 
.001468489 
.OO14fi08T8 


3^ 


CUBE  ROOTS,  AND  RECIPROCALS. 


No. 


683 

im 

685 
686 
687 
688 
689 

690 
691 
692 
698 
694 
695 
696 
697 
698 
699 

TOO 
701 
702 
708 
704 
705 
706 
707 
708 
709 

710 
711 
712 
713 

7:4 

715 
716 
717 
718 
719 

720 
721 
722 
728 
724 
725 
726 
727 
728 
729 

730 
731 
782 
733 
734 
735 
736 
737 
738 
739 

740 
741 
742 
748 

744 


Squares. 

Cubes. 

466489 

318611987 

467856 

320013504 

469225 

821419125 

470596 

322828856 

471969 

324342703 

473344 

325660672 

474721 

327062769 

476100 

328509000 

477481 

829939371 

478864 

331378888 

480249 

332812557 

481636 

834255384 

483025 

335702375 

484416 

337153536 

485809 

338608873 

487204 

340068392 

488601 

a41532099 

490000 

843000000. 

491401 

844472101 

492804 

345948408 

494209 

347428927 

495616 

348913664 

497025 

ao0402625 

498436 

a51895816 

499849 

853393243 

501264 

354894912 

502681 

356400829 

504100 

357911000 

505521 

a59425431 

506944 

360944128 

508369 

362467097 

509796 

363994344 

511225 

'865525875 

512656 

367061696 

514089 

368601813 

515524 

870146232 

516961 

371694959 

518400 

373248000 

519841 

374805361 

521284 

376367048 

522729 

377933067 

524176 

379503424 

525625 

381078125 

527076 

382657176 

528529 

384240583 

539984 

385828352 

531441 

387420489 

532900 

389017000 

534361 

390617891 

535824 

392223168 

537289 

393832837 

538756 

395446904 

(>«);i>25 

397065375 

541696 

398688256 

543169 

400315553 

544644 

401947272 

546121 

403583419 

547600 

405224000 

549081 

406869021 

5.50564 

408518488 

552049 

410172407 

553536 

41 1^30784 

Square 
Roots. 

Cube  Roots.  Reciprocals. 

26.1342667 

8.8066722 

001464129 

26.1533937 

8.8108681 

001461988 

26.1725047 

8.8151598 

001459854 

26.1916017 

8.8194474 

001457726 

26.2106848 

8.8237307 

001455604 

26.2297541 

8.8280099 

001453488 

26.2488095 

8.8322850 

001451379 

26.2678511 

8.8865559 

001449275 

26.2868789 

8.8408227 

001447178 

26.3058929 

8.8450854 

001446087 

26.3248932 

8.8493440 

001443001 

26.3438797 

8.8535985 

001440922 

26.3628527 

8.8578489 

001438849 

26.3818119 

8.8620952 

001436782 

26.4007576 

8.8663375 

001434720 

26.4196896 

8.8705757 

001432665 

26.4386081 

8.8748099 

001430615 

26.4575131 

8.8790400 

001428571 

26.4764046 

8.8832661 

001426534 

26.4952826 

8.8874882 

001424501 

26.5141472 

8.8917063 

001422475 

26.5329983 

8.8959204 

001420455 

26.5518361 

8.9001304 

001418440 

26.5706605 

8.9043366 

001416431 

26.5894716 

8.9085387 

001414427 

26.6082694 

8.9127369 

.001412429 

26  6270539 

8.9169311 

001410437 

26.6458252 

8.9211214 

.001408451 

26.6645833 

8.9253078 

001406470 

26.6833281 

8.9294902 

.001404494 

26.7020598 

8.9336687 

001402525 

26.7207784 

8.9378433 

.001400560 

26.7394839 

8.9420140 

.001398601 

26.7581763 

8.9461809 

.001396648 

26.7768557 

8.9503438 

.001394700 

26.7955220 

8.9545029 

.001392758 

26.8141754 

8.9586581 

.001390821 

26.8328157 

8.9628095 

.001388389 

26.8514432 

8.9669570 

.1,01386963 

26.870057: 

8.9711007 

.001385042 

26.8886593 

8.9752400 

.001383126 

26.9072481 

8.9793766 

.001381215 

26.9258240 

8.9835089 

.001379310 

26.J>443872 

8.9876373 

.001377410 

26.9629375 

8.9917620 

.001375516 

2().  9814751 

8.9958829 

.001373626 

27.0000000 

9.0000000 

.001371742 

27.0185122 

9.0041134 

.001369863 

27.0370117 

9.0082229 

.001367-989 

27.0554985 

9.0123288 

.001366120 

27.0739727 

9.0164309 

.001364256 

27.0924344 

9.0205293 

.001362398 

27.1108834 

9.0246239 

.001360544 

27.1293199 

9.0287149 

.00ia58696 

27.1477430 

9.0328021 

.001356852 

27.1661554 

9.0368857 

.001355014 

27.1845544 

9.0409655 

.001353180 

27.2029410 

9.0450419 

.001^51351 

27.22131,52 

9.0491142 

.001349528 

27.2396769 

9.05131831 

.001347709 

27.25802(>3 

9.0572482 

.001134.5895 

27.2763634 

9.0613098 

.001*44086 

<J26 


TABLE  XXm.— SQUARES,  CUBES,  SQUARE  ROOTS, 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

745 

555025 

413493625 

27.2946881 

9.0658677 

.001342282 

746 

556516 

415160936 

27.3180006 

9.0694220 

.001340488 

747 

558009 

416832723 

27.3313007 

9.0784726 

.001338688 

748 

559504 

418508992 

27.8495887 

9.0775197 

.001886896 

749 

561001 

420189749 

27.8678644 

9.0615681 

.001336118 

750 

562500 

421875000 

27.8861279 

9.0866080 

.001888888 

751 

564001 

4213564751 

27.4043792 

9.0896392 

.0(11381568 

752 

565504 

425259008 

27.4226184 

9.0986719 

.001889787 

75S 

567009 

42695777V 

27.4408455 

9.0977010 

.001328021 

754 

568516 

428661064 

27.4690604 

9.1017265 

.001326260 

755 

570025 

480368875 

27.4772638 

9.1057485 

.001824503 

756 

571536 

432081216 

27.4954542 

9.1097669 

.001322751 

757 

573049 

433798093 

27.5136330 

9.1137818 

.001821004 

758 

574564 

435519512 

27.5317998 

9.1177981 

.001319261 

759 

576081 

437245479 

27.6499546 

9.1218010 

.001317523 

760 

677600 

438976000 

27.6680976 

9.1258063 

.001315789 

761 

579121 

440711081 

27.5862284 

9.1298061 

.001314060 

762 

580644 

442450?28 

27.6043476 

9.1888034 

.001312386 

763 

582169 

444194947 

27.62;.4646 

9.1377971 

.001810616 

764 

583696 

445943744 

27.6406499 

9.1417B74 

.001806801 

765 

585225 

447697125 

27.6586334 

9.1457742 

.001807190 

766 

586756 

449455096 

27.6767050 

9.1497676 

.001805483 

767 

588289 

451217663 

27.6947648 

9.1637875 

.001808781 

768 

589824 

452984832 

27.7128129 

9.1677189 

.001802083 

769 

591361 

454756609 

27.7308492 

9.1616869 

.001800890 

770 

592900 

456533000 

27.7488739 

9.1666665 

.001298701 

771 

594441 

458314011 

27.7668868 

9.1696225 

.001297017 

772 

595984 

460099648 

27.7848880 

9.1735852 

.001295387 

773 

597529 

461889917 

27.8028775 

9.1775445 

.001299661 

774 

599076 

463684824 

27.8208555 

9.1815003 

.001291990 

775 

600625 

465484375 

27.8388218 

9.1854627 

.001290328 

776 

602176 

467288576 

27.8667766 

9.1894018 

.001288660 

777 

603729 

469097433 

27.8747197 

9.1938474 

.001287001 

778 

605281 

470910952 

27.8926514 

9.1972897 

.001286847 

779 

606841 

472729139 

27.9105715 

9.2012286 

.001288697 

780 

608100 

474552000 

27.9284801 

9.2061641 

.001282061 

781 

609961 

476379541 

27.9463772 

9.2090962 

.001280410 

782 

611524 

478211768 

27.9642629 

9.2180260 

.001278772 

783 

613089 

480048687 

27.9821372 

9.2169605 

.001277189 

784 

614656 

481890304 

28.0000000 

9.2208?^ 

.001275610 

785 

616225 

483736625 

28.0178516 

9.2247914 

.001273885 

786 

617T96 

485587656 

28.0356915 

9.2287068 

.001272266 

787 

619369 

4874434C3 

28.0535208 

9.2826189 

.001270&i8 

788 

620944 

489303872 

28.0713377 

9.2865277 

.001269086 

789 

622521 

491169069 

28.0891488 

9.2404883 

.001267427 

790 

624100 

493039000 

28.1069386 

9.2443855 

.001266828 

791 

625681 

494913671 

28.1247222 

9.2482344 

.001264223 

792 

62^64 

496793088 

28.1424946 

9.2521800 

.001262626 

793 

628849 

498677257 

28.1602567 

9.2660224 

.001261084 

794 

630436 

500566184 

28.1780056 

9.2599114 

.001250446 

795 

632025 

502459876 

28.1957444 

9.2687973 

.001257862 

796 

633616 

604358336 

28.2134720 

9.2676798 

.001256281 

797 

635209 

506261573 

28.2811884 

9.2715592 

.001254705 

798 

636804 

508169592 

28.2488938 

9.27M362 

.001258188 

799 

63^01 

510082399 

28.2665881 

9.2798081 

.001251564 

800 

640000 

512000000 

28.2842712 

9.2881777 

.0O12S0000 

801- 

641601 

513922401 

28.3019434 

9.2870440 

.001248439 

802 

643204 

515849608 

28.3196045  * 

9.2909072 

.0012468H8 

803 

644809 

517781627 

28.3372546 

9.2947671 

.001245880 

804 

646416 

51971*464 

28.3648988 

9.2986289 

.001948781 

805 

648025 

521660125 

28.3725219 

9.3024775 

.00194SS886 

806 

649636 

523606616 

28.3901391 

9.3063278 

.001940685 

327 


CUBE  ROOTS,  AND  RECIPROCALS. 


No. 

Squares. 

Cubes. 

Square 
Boots. 

Cube  Roots. 

Reciprocals. 

807 

651249 

625557948 

28.4077454 

9.8101760 

.001239157 

806 

652864 

527514112 

28.4253408 

9.8140190 

.001237624 

809 

664481 

529475129 

28.4429253 

9.8178699 

.001236094 

810 

656100 

531441000 

28.4604989 

9.8216975 

.001234568 

811 

657721 

533411781 

28.4780617 

9.8255820 

.001233046 

812 

659344 

535387828 

28.4956137 

9.8293634 

.001231527 

818 

660969 

637367797 

28.5131549 

9.3331916 

.001230012 

814 

662596 

589853144 

28.5306862 

9.3370167 

.001228501 

815 

664225 

541343375 

28.5482048 

9.3408386 

.001226994 

816 

665856 

643388496 

28.6667137 

9.3446675 

.001225490 

817 

667489 

646388518 

28.6832119 

9.3484731 

.001223990 

818 

669124 

647343432 

28.6006993 

9.3622857 

.001222494 

819 

670761 

649853259 

28.6181760 

9.3560952 

.001221001 

830 

672400 

551368000 

28.6356421 

9.3599016 

.  .001219512 

821 

674041 

553387661- 

28.6630976 

9.3687049 

.001218027 

822 

675684 

555412248 

28.6706424 

9.8675051 

.001216545 

823 

677329 

567441767 

28.6879766 

9.8713022 

.001215067 

824 

678976 

66&476224 

28.7054002 

9.3750968 

.001213592 

825 

680625 

661515625 

28.7228132 

9.3788873 

.001212121 

826 

682276 

563669976 

28.7402167 

9.3826752 

.001210654 

827 

683929 

666609288 

28.7676077 

9.8864600 

.001209190 

828 

685584 

567663552 

28.7749891 

9.8902419 

.001207729 

829 

687^1 

569722789 

28.7928601 

9.8940206 

.001206273 

880 

688900 

571787000 

28.8097206 

9.8977964 

.001204819 

881 

690561 

573856191 

28.8270706 

9.4015691 

.001203369 

882 

692224 

575930368 

28.8444102 

9.4053387 

.001201928 

888 

698889 

678009537 

28.8617394 

9.4091054 

.001200480 

884 

695556 

580093704 

28.8790582 

9.4128690 

.001199041 

885 

697225 

582182875 

28.8963666 

9.4166297 

.001197605 

886 

696896 

684277056 

28.9136646 

9.4208878 

.001196172 

887 

700569 

586376253 

28.9809528 

9.4241420 

.001194748 

888 

702244 

688480472 

28.9482297 

9.4278936 

.001198317 

889 

703921 

590589719 

28.9654967 

9.4316423 

.001191895 

840 

705600 

692704000 

28.9827535 

9.4353880 

.001190476 

841 

707281 

594828321 

29.0000000 

9.4391307 

.001189061 

842 

708964 

696947688 

29.0172363 

9.4428704 

.001187648 

848 

710649 

59907ri07 

29.0344623 

9.4466072 

.001186240 

844 

712386 

•601211584 

29.0516781 

9.4503410 

.001184834 

845 

714025 

608361125 

29.0688837 

9.4540719 

.001183432 

846 

715716 

605495736 

29.0860791 

9.4577999 

.001182033 

847 

717409 

607645423 

29.1032644 

9.4615249 

.001180688 

848 

719104 

609800192 

29.1204396 

9.4652470 

.001179246 

849 

720801 

611960049 

29.1376046 

9.4689661 

.001177856 

850 

722500 

614125000 

29.1647695 

9.4726824 

.001176471 

851 

724201 

616295051 

29.1719043 

9.4763957 

.001175088 

852 

725904 

61^70208 

29.1890390 

9.4801061 

.001173709 

853 

727609 

620650477 

29.2061637 

9.4838136 

.001172838 

854 

729316 

622835864 

29.2232784 

9.4875182 

.001170960 

866 

731025 

625026375 

29.2403830 

9.4912200 

.001169591 

856 

732736 

627222016 

29.25747/7 

9.4949188 

.001168224 

857 

734449 

629422793 

29.2745628 

9.4986147 

.001166861 

858 

736164 

681628712 

29.2916370 

9.5023078 

.001166501 

859 

737881 

683839779 

29  ..3087018 

9.5059980 

.001164144 

860 

739600 

636056000 

29.3257566 

9.5096854 

.001162791 

861 

741321 

63827'^1 

29.3428015 

9.5133699 

.001161440 

862 

743044 

640508928 

29.3598365 

9.5170516 

.001160098 

868 

744769 

642735647 

29.3768616 

9.5207308 

.001188749 

864 

746496 

64497^544 

29.3938769 

9.5244063 

.001157407 

865 

748225 

647214625 

29.4108823 

9.5280794 

.001156069 

866 

749956 

649461896 

29.4278779 

9.5317497 

.001154784 

867 

751689 

651714363 

29.4448637 

9.6354172 

.001153403 

868 

753424 

658972032 

29.4618397 

9.5390818 

,001162074 

I II  ij 


'6)iQ 


TABLE  XXUL-SQUABBS,  CUBES,  SQUAJRE  BOOTS. 


No. 

Squares. 

869 

755161 

870 

756900 

871 

75»>41 

sra 

760:384 

873 

762139 

874 

763876 

875 

765635 

876 

767376 

877 

769129 

878 

770884 

879 

773(>41 

880 

774400 

881 

776161 

883 

777934 

883 

779689 

8»4 

781456 

885 

783335 

886 

784996 

887 

786769 

788544 

889 

790331 

890 

792100 

891 

793881 

893 

7956ft4 

893 

797449 

894 

799336 

895 

801035 

896 

803816 

897 

804609 

898 

806404 

899 

808301 

900 

810000 

901 

811801 

903 

813604 

003 

815409 

904 

817316 

905 

819035 

906 

830836 

907 

833(^9 

908 

834464 

909 

826281 

910 

828100 

Cubes. 


Square 
Boots. 


Cube  Roots.    Reciprocals. 


911 
912 
913 
914 
915 
916 
917 
918 
919 

920 
921 
922 
923 
924 
925 
926 
927 
938 
929 
930 


839931 
831744 
83:3569 
8a5;396 
83?235 
8:39056 
&40889 
W3724 
844561 

^46400 
848241 
850084 
a51939 
853776 
855635 
K57476 
8r){):i39 
8()1184 
863041 
864900 


656234909 

658503000 
660776311 
663054848 
665338617 
667627624 
669921875 
672221376 
674526138 
676836152 
679151439 

681472000 
683797841 
68(5128968 
68^465:387 
690807104 
698154125 
69550&4o6 
697864108 
700227072 
702595369 

704969000 
707347971 
709733288 
713131957 
714516984 
716917375 
7193231:36 
721734273 
724150792 
7265^3699 

729000000 
731432701 
783870808 
786314337 
788763264 
741217635 
743677416 
746142643 
748613312 
751089429 

753571000 
756058031 
758550r)38 
761048497 
76.35511M4 
76<)000875 
76a575296 
771095313 
773<5306:32 
776151559 


r 
4 


'8688000 
81339961 
78:3777448 

788889024 
79145:3135 
794033776 
796597988 
7JW17K753 
8017<V)089 
804:357000 


29.4788059 

29.4957624 
29.5127091 
29.529(^1 
29.5465734 
29.5634910 
29.5803989 
29.5972973 
29.6141858 
29.6310648 
29.6479342 


29. 
29. 
29. 
29, 
29. 
29. 
29. 
29, 
29. 
29. 

29. 
29. 
29. 
29. 
29. 
29. 
29. 
29. 
39. 
29. 


,6647939 
.6816443 
,6984848 
,7153159 
,7321375 
,7489496 
,7657521 
,7825453 
,7993389 
,8161030 

.8338678 
,8496331 
8663690 
.8831056 
8998338 
9165506 
9333591 
9499583 
9666481 
9833387 


30.0000000 
30.0166630 
30.0833148 
30.0499584 
80.0665928 
80.0833179 
30.0998389 
80.1164407 
80.1330383 
30.1496369 

30.1663063 
30.1837765 
30.199^377 
30.2158899 
30.2324339 
30.2489669 
30.2()54919 
80.2830079 
:30.2{)85148 
30.3150128 

30.3315018 
30.3479818 
30.3644539 
30.3809151 
30.3973683 
:30. 4138137 
30.4303481 
:30. 44^5747 
30.46:3(K»34 
30.479.5013 
30.4959014 


9.6427437 

9.5464027 
9.5500589 
9.6537128 
9.5573630 
9.6610108 
9.6646559 
9.6682982 
9.5719377 
9.5755745 
9.5793085 

9.582a397 
9.5864082 
9.5900939 
9.5937169 
9.5978873 
9.6009548 
9.6045696 
9.6081817 
9.6117911 
9.6153977 

9.6190017 
9.6326030 
9.6262016 
9.6297975 
9.6333907 
9.6369812 
9.6405690 
9.6441542 
9.0477867 
9.6518166 

9.6548938 
9.6584684 
9.6630408 
9.6656096 
9.6691768 
9.6727408 
9.6768017 
9.6798604 
9.6834166 
9.6869701 

9.6905211 
9.6940694 
9.6976151 
9.7011583 
9.7046989 
70««69 
7117728 
7153051 
7188354 
7223631 


9.7258883 
9.7394109 
9.7:33i»309 
9.7:3(U4H4 
9.7399tm 
9.74*4758 
9.7469a57 
9.75049:30 
9.7539J)79 


9. 
9. 


r575002 

raioooi 


001150748 

001149425 
001148106 
001146789 
001145475 
001144165 
001142857 
001141553 
001140851 
001138952 
001137656 

001136364 
001135074 
001133787 
001132503 
001131222 
001129944 
001128668 
001127396 
001126126 
001124850 

001123596 
001122334 
001121076 
001119821 
001118568 
001117318 
001116071 
001114827 
001113586 
001112^7 

001111111 
001109878 
001108W7 
001107420 
0011C6195 
001104973 
001103753 
001102586 
001101822 
001100110 

001098901 
001097695 
001096491 
001095290 
001094092 
001093890 
001091708 
001090513 
001089825 
001088139 

001086957 
001085778 
001084599 
001083428 
001082251 
001081081 
001079914 
001078749 
001077586 
00107&42a 
001075M0 


CUBE  BOOTS,  AND  RECZFROCAL& 


No. 

Sqtiares. 

Cubes. 

Square 
Roots. 

CubeRootR. 

Reciprocals. 

1 

981 

866761 

806954491 

80.5122926 

9.7644974 

.001074114 

9m 

868624 

809557568 

30.6286750 

9.7679922 

.001072961 

983 

870489 

812166237 

80.M50487 

9.7714845 

.001071811 

984 

872360 

814780504 

80.6614136 

9.7749743 

.001070664 

985 

874225 

817400376 

80.6777697 

9.7784616 

.001069519 

996 

876096 

820025866 

30.5941171 

9.7819466 

.001068876 

997 

877969 

882656958 

80.6104557 

9.7854288 

.001067280 

988 

879844 

8252936?^ 

80.6267857 

9.7889087 

.001066098 

939 

881721 

827936019 

80.6431069 

9.7923861 

.001064963 

MO 

888600 

880584000 

80.6594194 

9.7958611 

.001063830 

911 

885481 

8a^237621 

80.6757233 

9.7993336 

.001062699 

94S 

887364 

885896888 

30.6920186 

9.8028036 

.001061571 

943 

889249 

838561807 

30.7083051 

9.8062711 

.0010(50445 

M4 

891130 

841232384 

30.7245830 

9.8097362 

.001059822 

945 

898025 

843908626 

30.7408523 

9.8131989 

.001058201 

940 

894916 

840590536 

30.7571130 

9.8166591 

.001057082 

947 

896809 

849278128 

30.7733651 

9.8201169 

.001055966 

948 

898704 

851971392 

30.7896086 

9.82:35728 

.001051852 

949 

900601 

854670349 

30.8058436 

9.8270252 

.001053741 

950 

902500 

867375000 

30.8220700 

9.8304757 

.001052082 

951 

904401 

800086351 

30.8382879 

9.8339238 

.001051526 

952 

906304 

862801408 

80.8544972 

9.8373696 

.001050420 

953 

908209 

865523177 

30.8706981 

9.8408127 

.001049818 

954 

910116 

868250664 

80.8868904 

9.8442536 

.001048218 

955 

912025 

870988875 

30.9030748 

9.8476920 

.001047120 

958 

918930 

878722816 

30.9192497 

9.&511280 

.001046026 

9&7 

915849 

876467498 

80.9354166 

9.8545617 

.001044932 

958 

917764 

879217912 

80.9515751 

9.8579929 

.001043841 

959- 

919681 

881974079 

30.9677251 

9.8614218 

.001042753 

960 

921600 

884736000 

80.9838668 

9.8648483 

.001041667 

961 

923521 

F87503681 

81.0000000 

9.86*^2724 

.001040583 

963 

925444 

890277128 

81.0161248 

9.8716941 

.001039501 

963 

927869 

893056347 

81.0622413 

9.8751135 

.001038422' 

964 

929296 

895841344 

81.0483494 

9.8786305 

.001037344 

965 

931226 

898632125 

81.0644491 

9.8819451 

.001036269 

960 

938156 

901428696 

81.0805405 

9.8858574 

.C01C35197 

967 

935089 

904231068 

81.0966236 

9.8887678 

.001034126 

968 

937024 

907039232 

81.1126984 

9.8921749 

.001033058 

969 

938961 

909853209 

31.1287648 

9.8955801 

.001031992 

970 

940900 

912673000 

31.1448230 

fi. 8989830 

.001030928 

971 

94284] 

915498611 

31.1608729 

9.9<j2Sh35 

.001029866 

972 

944784 

918330048 

81.1769145 

9.9057817 

.001028807 

978 

946729 

921167317 

31.1929479 

9.9091770 

.001027749 

974 

948676 

924010424 

31.2069731 

9.9126712 

.001026694 

975 

950626 

926859375 

81.2249900 

9.9159624 

.001025641 

976 

952576 

929714176 

81.2409987 

9.9198513 

.001024.^.90 

977 

954529 

982574838 

31.2569992 

9.9227879 

.001023541 

978 

956484 

985441352 

31.2729915 

9.9261222 

.001022495 

979 

958441 

938313739 

31.2889757 

9.9295042 

.001021450 

960 

960400 

941192000 

31.8049517 

9.9328839 

.001020408 

981 

962361 

944076141 

31.8209195 

9.9362618 

.001019808 

962 

964324 

946966168 

31.3i^)8792 

9.9396863 

.001018880 

968 

966289 

94{)862087 

81.a528308 

9.9430092 

.001017-294 

984 

968256 

952763904 

81.3687743 

9.9468797 

.001016260 

965 

970226 

955671625 

81.3847097 

9.9497479 

.001015228 

986 

97^196 

958585256 

31.4006369 

9.9531138 

.001014199 

987 

974169 

961504803 

31.4165561 

9.9564776 

.001013171 

988 

976144 

964430272 

31.4324673 

9.9598389 

.001012146 

989 

978121 

967361669 

31.4483704 

9.9631981 

.001011122 

990 

980100 

970299000 

31.4642654 

9.9665649 

.001010101 

991 

983081 

973242271 

31.4801525 

9.9699095 

.001009082 

998 

984064 

970191488 

81.4960316 

9.9732619 

.001008066 

330 


TABIiE  XXni.-^QUARES,  CUBES,  ETC. 


No. 

Squares. 

Cubes. 

Square 
Hoots. 

Cube  Roots. 

Reciprocals. 

998 

966049 

979146657 

31.5119025 

9.9786120 

.001007049 

994 

988036 

982107784 

81.5277655 

9.9799599 

.001008036 

995 

990025 

985074875 

31.5486206 

9.9838056 

.0010050^ 

996 

992016 

988047936 

31.5594677 

9.9868488 

.001004016 

997 

994009 

991026973 

31.5753068 

9.9899900 

.001003009 

998 

996004 

994011992 

81.5911380 

9.9983289 

.001002004 

999 

998001 

997002999 

31.6069618 

9.9966656 

.001001001 

1000 

1000000 

1000000000 

31.6227766 

10.0000000 

.001000000 

1001 

1002001 

1003003001 

81.6385840 

10.0038322 

.0009990010 

1002 

1004004 

1006012008 

81.6548836 

10.0068622 

.0009980040 

1003 

1006009 

1009027027 

31.6701752 

10.0099899 

.0009970090 

1004 

1008016 

1012.)48064 

31.6859590 

10.0138155 

.0009960159 

1005 

1010025 

1015075125 

31.7017349 

10.0166389 

.0009950249 

1006 

1012038 

1018108216 

31.7175030 

10.0199601 

.0009940a58 

1007 

1014049 

1021147343 

81.7332683 

10.0232791 

.0009930487 

1008 

1016064 

1024192512  ; 

81.7490157 

10.0265958 

.0009930835 

1009 

1018081 

1027243729 

81.7647608 

10.0299104 

.0009910603 

1010 

1020100 

1030301COO  i 

j 

81.7804973 

10.0832228 

.0009900990 

1011 

1022121 

1033364331  I 

31.7962262 

10.0385380 

.0009691197 

1012 

1024144 

1036433728 

31.8119474 

10.0396410 

.0009681433 

1013 

1036169 

1039509197 

31.8276609 

10.0431489 

.0009671668 

1014 

1028196 

1042590744 

81.8433666 

10.0484508 

.0009861983 

1015 

1030225 

1045678375 

31.8590646 

10.0497521 

.0009652317 

1016 

1032256 

1048772096 

31.8747549 

10.0530514 

.0009642530 

1017 

1034289 

1051871913 

31.8904374 

10.0568485 

.0009833842 

1018 

1036324 

1054977832 

81.9061123 

10.0598485 

.0009833183 

1019 

.1038361 

105S039859 

81.9217794 

10.0629364 

.0009613548 

10^ 

1040400 

1061203000 

81.9374388 

10.0662271 

.0009608933 

1021 

1042441 

1064332261 

81.9530906 

10.0695156 

.00097^19 

1022 

1044484 

1067462648 

31.9687347 

10.0728020 

.0009784786 

1023 

1046529 

1070599167 

31.9843712 

10.0760863 

.0009775171 

1024 

1048576 

1073741824 

32.0000000 

10.0793684 

.0009765635 

1025 

1050625 

10r6890625 

32.0156212 

10.0826484 

.0009758098 

1026 

1052676 

1030045576 

32.0312348 

10.0859262 

.0009746589 

1027 

1054729 

1083206683 

32.0468407 

10.0892019 

.0009737098 

1028 

1056784 

1086373952 

82.0624391 

10.09»4755 

.0009737«36 

1029 

1058841 

1039547389 

32.0780298 

10.0957469 

.0009718178 

1030 

1080900 

1092727000 

32.0936131 

10.0990163 

.0009708788 

1031 

1062961 

1095912791 

82.1091887 

10.1022835 

.0009699831 

1032 

1065024 

1099104768 

82.1247568 

10.1055487 

.00  9889933 

1038 

1067089 

1102302937 

32.1403173 

10.1088117 

.0009860542 

1034 

1069158 

1105507304 

82.15587(H 

10.1120726 

.0009671180 

1035 

1071225 

1108717875 

32.1714159 

10.1153314 

.0009661886 

1036 

1073296 

1111934656 

82.1869589 

10.1185882 

.0009653510 

1037 

1075369 

1115157653 

82.2024844 

10.1218428 

.0009643308 

1038 

1077444 

1118386872 

82.2180074 

10.1250958 

.0009633911 

1039 

1079521 

1121622319 

82.2335229 

10  1283457 

.00098SM680 

1040 

1081600 

1124864000 

32.2490310 

10.1315941 

.0009615885 

1041 

1083681 

1128111921 

32.2645316 

10.1348403 

.0009606148 

1042 

•1085764 

1131366088 

82.2800248 

10.1380845 

.0009590939 

1043 

1087849 

1134626507 

82.2955105 

10.1413266 

.0009587738 

1044 

1089936 

11378931&4 

32.3109888 

10.1445667 

.0009578544 

1045 

1092025 

1141166125 

32.3264598 

10.1478047 

.0009509378 

1046 

1094116 

1144445336 

82.3419233 

10.1510406 

.0000560289 

1047 

1096209 

1147730^23 

32.3573794 

10.1542744 

.0009551096 

1048 

1098304 

1151022592 

32.3728i«l 

10.1575063 

.0000641966 

1049 

1100401 

1154320649 

82.3882695 

10.1607359 

.0000683888 

1060 

1102500 

1157625000 

32.4037035 

10.1639836 

.0000688810 

1051 

■  1104601 

1160935651 

32.4191301 

10.1671898 

.0009614748 

1052 

1106704 

1164252606 

32.4845495 

10.1704129 

.0000606708 

1053 

1108809 

1167575877 

32.4499615 

10.1786844 

.O0QO486e7« 

1054 

1110916 

1170905464 

32.4653862 

10.1768539 

.00U9487B06 

TABLE  XXXY. — LOOXRITHMB   OF  NI7HBEB1. 


'   r 


No.  100  L.  000.] 


[No.  109  L.  040. 


N. 


100 
1 
2 

3 

4 


8 
9 


0 

1 

2 

S 

4 

000000 
4821 
8600 

0484 
4761 
9026 

0668 
6181 
9461 

.1801 
5609 
9876 

1784 
6088 

0300 
4521 

8700 

012887 
7088 

8259 
7451 

8680 

7868 

4100 
8284 

021189 
6306 
9384 

1603 
5715 
9789 

2016 
6125 

0195 
4227 
8228 

2428 
6683 

2841 
6942 

0600 
4628 
8620 

1004 
5029 
9017 

063424 
7426 
04 

8826 
7825 

2166 
6466 

0724 
4940 
9116 


6 


2598 
6894 


8029 
7321 


3252 
7850 


1408 
5430 
9414 


1147  I  1570 
5860  1  5779 
9682  ;  9947 


3664 
7757 


4075 
8164 


8 


8461 
7748 


1993 
6197 


9 


8891 

8174 


2415 
6616 


0361 
4486 
8571 


1812  '  2216 
6830  i  6230 
9811 


2619 
6629 


OTTS 
4896 
8978 


0207  I  0602 


8021 
7028 


0998 


Diff. 


482 

428 

424 
420 

416 

412 
408 

404 
400 

897 


Proportional  Farts. 


Diff. 

1 

2 

3 

4 

6 

t 

6 

7 

8 

9 

434 

48.4 

86.8 

180.2 

178.6 

217.0 

260.4 

303.8 

347.2 

890.6 

433 

48.3 

86.6 

129.9 

173.2 

216.-5 

259.8 

303.1 

846.4 

389.7 

432 

43.2 

Q6.4 

129.6 

172.8 

216.0 

259.2 

302.4 

845.6 

388.8 

431 

48.1 

86.2 

129.8 

172.4 

215.6 

258.6 

801.7 

844.8 

387.9 

480 

48.0 

86.0 

129.0 

172.0 

215.0 

258.0 

801.0 

844.0 

387.0 

429 

42.9 

85.8 

128.7 

171.6 

214.6 

257.4 

300.3 

348.2 

386.1 

428 

42.8 

85.6 

128.4 

171.2 

214.0 

266.8 

299.6 

342.4 

385.2 

427 

42.7 

85.4 

128.1 

170.8 

213.6 

256.2 

298.9 

841.6 

884.3 

426 

42.6 

86.2 

127.8 

170.4 

213.0 

255.6 

298.2 

340.8 

383.4 

425 

42.5 

86.0 

127.5 

170.0 

212.5 

255.0 

297.6 

340.0 

882.5 

424 

42.4 

84.8 

127.2 

169.6 

212.0 

254.4 

296.8 

889.2 

881.6 

428 

42.8 

84.6 

126.9 

169.2 

211.5 

253.8 

296.1 

388.4 

380.7 

422 

42.2 

84.4 

126.6 

168.8 

211.0 

263.2 

295.4 

387.6 

379.8 

421 

42.1 

84.2 

126.8 

168.4 

210.6 

252.6 

294.7 

836.8 

878.9 

420 

42.0 

84.0 

126.0 

168.0 

210.0 

252.0 

294.0 

336.0 

378.0 

419 

41.9 

88.8 

125.7 

167.6 

209.6 

261.4 

298.3 

835.2 

877.1 

418 

41.8 

88.6 

125.4 

167.2 

209.0 

250.8 

292.6 

334.4 

876.2 

417 

41.7 

83.4 

125.1 

166.8 

208.5 

260.2 

291.9 

383.6 

875.3 

416 

41.6 

83.2 

124.8 

166.4 

208.0 

249.6 

291.2 

882.8 

874.4 

415 

41.5 

88.0 

124.6 

166.0 

207.5 

249.0 

290.5 

832.0 

8r3.5 

414 

41.4 

82.8 

124.2 

165.6 

207.0 

248.4 

289.8 

331.2 

3?2.6 

413 

41.8 

82.6 

123.9 

165.2 

206.5 

247.8 

289.1 

380.4 

371.7 

412 

41.2 

82.4 

123.6 

164.8 

206.0 

247.2 

288.4 

329.6 

370.8 

411 

41.1 

82.2 

123.3 

164.4 

205.5 

246.6 

287.7 

328.8 

369.9 

410 

41.0 

82.0 

123.0 

164.0 

205.0 

246.0 

287.0 

828.0 

369.0 

409 

40.9 

81.8 

122.7 

163.6 

204.5 

245.4 

286.3 

827.2 

368.1 

406 

40.8 

81.6 

122.4 

163.2 

204.0 

244.8 

285.6 

826. 4 

367.2 

407 

40.7 

81.4 

122.1 

162.8 

208.6 

244.2 

284.9 

825.6 

366.3 

406 

40.6 

81.2 

121.8 

162.4 

203.0 

243  6 

284.2 

324.8 

365.4 

406 

40.5 

81.0 

121.6 

162.0 

202.5 

^8.0 

283.5 

324.0 

364.5 

404 

40.4 

80.8 

121.2 

161.6 

202.0 

242.4 

282.8 

823.2 

363.6 

403 

40.8 

80.6 

120.9 

161.2 

201.5 

241.8 

282.1 

322.4 

362.7 

402 

40.2 

80.4 

120.6 

160.8 

201.0 

241  2 

281.4 

321.6 

861.8 

401 

40.1 

80.2 

120.3 

160.4 

200.5 

240.6 

280.7 

320.8 

360.9 

400 

40.0 

800 

120.0 

160.0 

200.0 

240.0 

280.0 

320.0 

360. 0 

390 

89.9 

79.8 

119.7 

159.6 

199.5 

239.4 

279.3 

319.2 

a59.1 

896 

89.8 

79.6 

119.4 

159.2 

199.0 

288.8 

278.6 

818.4 

358.2 

897 

89.7 

79.4 

119.1 

158.8 

198.5 

288.2 

277.9 

317.6 

357.3 

896 

89.6 

79.2 

118.8 

168.4 

198.0 

287.6 

277.2 

316.8 

356.4 

ao5 

89.6 

79.0 

118.5 

168.0 

197.6 

287.0 

276.5 

316.0 

355.5 

332 


TABLE  XXTV.— LOGARITHMS  OP  NtlMBBBS. 


No.  110  L.  041.] 


[No.  119  L.  078. 


N. 

0 

1 

2 

8 

4 

6 

« 

7 

8 

9 

Difl. 

110 
1 

2 

041393 
53si3 

9318 

1787 
5714 
9606 

2182 
6105 
9993 

2576 
6495 

2969 
6885 

'8362 
7275 

8756 

7664 

'4148 
8053 

4540 
8442 

49S2 
88&0 

898 
890 

0380 
4230 
8046 

0766 
4613 
8426 

1153 
4996 
8805 

1588 
5378 
9185 

1924 
5760 
9563 

2309 
6142 
9942 

2694 
6624 

886 
883 

3 
4 

053078 
6905 

3463 
7286 

3846 
7666 

0320 
4083 
7815 

879 
876 
873 

5 
6 

7 

060698 
4458 
8186 

1075 
4832 
8557 

1452 
5206 
8928 

1829 
5580 
9298 

2206 
5953 
9668 

2582 
6326 

2958 
6699 

3383 

7071 

8709 
7443 

0088 
3718 
7368 

0407 
4085 
7731 

orre 

4451 
8094 

1146 
4816 
8457 

1514 
6182 
8819 

370 
866 
863 

8 
9 

071882 
5547 

2250 
5912 

2617 
6276 

2985 
6640 

3352 
7004 

Proportional  Parts. 


Dift. 

1 

2 

3 

4 

5 
197.5 

6 

7 

8 

9 

395 

39.5 

79.0 

118.5 

158.0' 

237.0 

276.5 

316.0 

866.6 

394 

39.4 

78.8 

118.2 

157.6 

197.0 

286.4 

275.8 

816.2 

364.6 

393 

39.3 

78.6 

117.9 

157.2 

196.5 

235.8 

275.1 

314.4 

353.7 

392 

39.2 

78.4 

117.6 

156.8 

196.0 

285.2 

274.4 

313.6 

352.8 

391 

39.1 

78.2 

117.3 

156.4 

195.5 

234.6 

273. T 

312.8 

&51.9 

390 

39.0 

^^.O 

117.0 

156.0 

195.0 

234.0 

273.0 

312.0 
•'■'t.2 

851.0 

389 

38.9 

77.8 

116.7 

155.6 

194.5 

283.4 

272.8 

850 

388 

38.8 

77.6 

116.4 

155.2 

194.0 

282.8 

271.6 

dlO.4 

84U.2 

387 

38.7 

77.4 

116.1 

154.8 

■  193.5 

232.2 

270.9 

309.6 

348.8 

\m 

38.6 

77.2 

115.8 

154.4 

193.0 

231.6 

270.2 

308.8 

847.4 

385 

38.5 

77.0 

115.5 

154.0 

192.5 

231.0 

269.6 

808.0 

346.6 

384 

38.4 

76.8 

115.2 

153.6 

192.0 

280.4 

268.8 

307.2 

345.6 

383 

38.3 

76.6 

114.9 

153.2 

191.5 

229.8 

268.1 

806.4 

344.7 

382 

as. 2 

76.4 

114.6 

152.8 

191.0 

229.2 

267.4 

805.6 

843.8 

381 

38.1 

76.2 

114.3 

152.4 

190.5 

228.6 

266.7 

804.8 

342.9 

380 

38.0 

76.0 

114.0 

152.0 

190.0 

228.0 

266.0 

804.0 

842.0 

379 

37.9 

75.8 

113.7 

151.6 

189.5 

227.4 

265.8 

303.2 

341.1 

378 

37.8 

75.6 

113.4 

151.2 

189.0 

226.8 

264.6 

302.4 

340.2 

377 

37.7 

75.4 

113.1 

150.8 

188.5 

226.2 

263.9 

301.6 

839.3 

376 

37. G 

75.2 

.  112.8 

150.4 

188.0 

225.6 

263.2 

300.8 

338.4 

375 

37.5 

75.0 

112.5 

150.0 

187.5 

225.0 

262.5 

800. 0 

837.5 

374 

37.4 

74.8 

112.2 

149.6 

187.0 

224.4 

261.8 

299.2 

836.6 

373 

37.3 

74.6 

111.9. 

149.2 

186.5 

22:^.8 

261.1 

298.4 

385.7 

372 

87.2 

74.4 

111.6 

148.8 

186.0 

223.2 

260.4 

297.6 

334.8 

371 

37.1 

74.2 

111.3 

148.4 

185.5 

222.6 

259.7 

296.8 

333.9 

370 

37.0 

74.0 

111.0 

148.0 

185.0 

222.0 

2.59.0 

296.0 

333.0 

3(59 

36.9 

73.8 

110.7 

147.6 

1H4.5 

221.4 

258.8 

295.2 

832.1 

;3(W 

1  ;i6.8 

73.6 

110.4 

147.2 

184.0 

220.8 

257.6 

294.4 

331.2 

367 

1  30.7 

73.4 

110.1 

146.8 

183.5 

220.2 

256.9 

1  293.6 

890.3 

366 

•S6.(j 

73.2 

109.8 

146.4 

183.0 

219.6 

256.2 

i  292.8 

320.4 

S65 

36.5 

73.0 

109.5 

146.0 

182.5 

219.0 

256.7 

292.0 

828.5 

mi 

36.4 

72.8 

109.2 

146.6 

182.0 

218.4 

254.8 

291.2 

827.6 

sm 

36.3 

72.6 

108.9 

145.2 

181.5 

217.8 

254.1 

290.4 

320.7 

3(52 

36.2 

72.4 

108.6 

144.8 

1  181.0 

217.2 

263.4 

289.6 

S25.8 

361 

36.1 

72.2 

108.3 

144.4 

,  180.5 

216.6 

252.7 

268.8 

824.9 

360 

36.0 

72.0 

108.0 

144.0 

1  180.0 

216.0 

252.0 

288.0 

824.0 

.359 

a5.9 

71.8 

107.7 

143.6 

1  179.5 

215.4 

251.3 

287.2 

:i28.1 

358 

35.8 

71.6 

107.4 

143.2 

,  179.0 

214:8" 

250.6 

286.4 

322.2 

a57 

.35.7 

71.4 

107.1 

142.8 

1  178.5 

214.2 

249.9 

285.6 

821.S 

S56 

35.0 

71.2 

106.8 

142.4 

1  178.0 

213.6 

249.2 

284.8 

820.4  J 

'6iiii 


TAHLB  ZXTY. — ^LOGABITmCS  OF  KT7HBBB8. 


No.  120  L.  079.] 


[No.  184  L.  18a 


N. 

0 

1 

8 

ft 

4 

6 

6 

3 

8 

9 

Diff. 

079181 

9543 

9904 

120 

0266 

3861 
7426 

06S6 

4219 
7781  , 

0997 

4676 
8136 

1847 
8490 

1707 

5291 
8845 

8067 

5647 
9198 

2426 

6004 
9552 

360 

1 

a 

8 

082785 
6360 
9905 

8144 
6716 

a503 

7071 

857 
356 

0258 
8772 
71257 

0611 
4122 

7604 

0963 
4471 
7951 

1315  , 
4820  1 
8298 

1667 

5169 

,  8644 

2018 
5518 
8990 

2370 
5866 
9385 

2721 
6215 
9681 

3on 

6563 

852 
848 

4 

5 

093422 
6910 

0026 
8462 
6871 

846 
818 
841 

6 

7 
8 

looan 

8804 
7210 

0715 
4146 

7549 

1(»9 

4487 

7888 

1403 

4828 
8227 

1747 
5169 
8565 

2091 

5510 

1  8903 

2434 

5861 
9241 

2777 
6191 
9579 

8119 
6531 
9916 

0253 
8609 

6940 

838 
835 

838 

9 
130 

110590 
7271 

0926 

4277 
7603 

1263 

4611 
7934 

1599 

4944 
8265 

1984 

5278 
8596 

,  2270 

1  5611 
'  8926 

2605 

5M3 
9256 

2940 

6276 

9586 

3275 

6608 
9915 

0245 
8525 
6781 

830 
828 
825 

2 

S 

4 

1 

120574 
8852 
7105 

13 

0903 
4178 
7429 

1231 
4504 
7753 

1560 
4830 
8076 

1888 
5156 
8399 

2216 
&481 

■8722 

2544 

5806 
9045 

2871 
6131 
9368 

8198 
6456 
9690 

0012 

323 

Pbopobtional  Parts. 


Diff. 

1 

2 

r>, 

35.5, 

.3-0 

354' 

35.4 

•70.8 

353 

35.3 

70.6 

352 

35.2 

70.4 

351 

35.1 

70.2 

350 

a5.o 

70.0 

349 

81.9 

69.8 

3i8 

m.8 

69.6 

317 

84.7 

69.4 

816 

34.6 

69.2 

845 

84.5. 

69.0 

344 

34.4 

68.8 

348 

84.3 

68.6 

Si2 

84.2 

68.4 

341 

34.1 

68.2 

810 

34.0 

68.0 

339 

83.9 

67.8 

338 

33.8 

67.6 

!W 

33.7 

67.4 

336 

33.6 

67.2 

385 

33.6 

67.0 

384 

33.4 

66.8 

im 

33.3 

66.6 

382 

a3.2 

66.4 

331 

33.1 

66.2 

380 

33.0 

66.0 

329 

32.9 

65.8 

328 

82.8 

a5.6 

387 

32.7 

65.4 

396 

32.6 

65.2 

325 

32.5 

65.0 

3SU 

32.4 

61.8 

383 

32.3 

64.6 

d^ 

32.2  1 

64.4 

8 


106.5 
106.2 
105.9 
105.6 
105.3 
105.0 
104.7 
104.4 
104.1 
103.8 

108.6 
103.2 
102.9 
102.6 
102.3 
102.0 
101.7 
101.4 
101.1 
100.8 

100.5 
100.2 
99.9 
99.6 
99.3 
99.0 
98.7 
98.4 
98.1 
97.8 

97.5 
97.2 
m.9 
96.6 


142.0 
141.6 
141,2 
140.8 
140.4 
140.0 
139.6 
139.2 
138.8 
138.4 

138.0 
137.6 
137.2 
136.8 
136.4 
136.0 
135.6 
135.2 
134.8 
134.4 

134.0 
133.6 
133.2 

132.8 
132.4 
132.0 
131.6 
131.2 
130.8 
130.4 

130.0 
129.6 
129.2 

128. S 


5 


6 


177.5 
177.0 
176.5 
176.0 
175.5 
175.0 
174.6 
174.0 
173.5 
173.0 

172.5 
1T2.0 
171.6 
171.0 
170.6 
170.0 
169.6 
169.0 
168.5 
168.0 

167.5 
167.0 
166.5 
166.0 
165.5 
165.0 
164.6 
164.0 
163.5 
163.0 

162.6 
162.0 
161.5 
161.0 


213.0 
212.4 
211.8 
211.2 
210.6 
210.0 
209.4 
208.8 
208.2 
207.6 

207.0 
206.4 
205.8 
205.2 
204.6 
204.0 
203.4 
202.8 
202.2 
201.6 

201.0 
200.4 
199.8 
199.2 
198.6 
198.0 
197.4 
196.8 
196.2 
195.6 

195.0 
194.4 
193.8 
193.2 


248.5 
247.8 
247.1 
246.4 
245.7 
245.0 
214.3 
213.6 
212.9 
242.2 

241.5 
210.8 
210.1 
289.4 
288.7 
238.0 
237.8 
236.6 
235.9 
235.2 

234.5 
283.8 
283.1 
232.4 
231.7 
281.0 
280.3 
22<).6 
228.9 
228.2 

227.6 

226.8 
220.1 
225.4 


8 


284.0 
283.2 
282.4 
281.6 
280.8 
280.0 
279.2 
278.4 
27T.6 
276.8 

276.0 
275.2 
274.4 
273.6 
272.8 
272.0 
271.2 
270.4 
269.0 
268.8 

268.0 
267.2 
266.4 
265.6 
264.8 
264.0 
263.2 
262.4 
261.6 
260.8 

260.0 
259.2 

258.4 
257.6 


9 


319.5 
318.6 
817.7 
816.8 
815.9 
815.0 
814.1 
«18.2 
812.8 
811.4 

310.5 
809.6 
808.7 
807.8 
806.9 
306.0 
305.1 
304.2 
803.3 
302.4 

801.5 
300.6 
299.7 
298.8 
297.9 
297.0 
296.1 
295.2 
294.3 
293.4 

292.5 
291.6 
290. t 
289.8 


^^4 


TABLE  XXTV. — ^LOGAKITHMS   OF   NUMBBBS. 


No.  185  L.  130.] 


[No.  149  L.  175. 


N. 

0 

1 

2 

8 

4    ; 

6 

6 

7 

8 

9 

Diff. 

135 
6 
7 
8 

130334 
3539 

e-rai 

9879 

0655 
3858 
7037 

0977 
4177 
7354 

1298 
4496 
7671 

1619 
4814 
7987 

1939 

1  5138 

8303 

2260 
5451 

8618 

2580 
5769 
8984 

2900 
6066 
9249 

8219 
6408 
9564 

821 
818 
816 

0194 
3327 

6438 
9527 

0508 
3639 

6748 
9835 

0822 
8951 

7058 

1136 
4263 

7367 

1460 
4574 

7676 

1763 

4885 

7986 

2076 
5196 

8294 

2389 

5507 

8603 

2702 
5818 

8911 

814 
811 

809 

9 

140 
1 

143015 

6128 
9219 

0142 
3205 
6246 
9266 

0449 
8510 
6549 
9567 

0756 
3815 
6852 
9868 

1063 
4120 
7154 

1370 
44^ 

7467 

1676 
472S 
7759. 

1982 
6082 

8061 

307 
806 
803 

2 
8 

4 

152288 
5336 
8362 

2594 
5640 
8664 

2900 
5948 
8965 

0168 
3161 
61U 
9086 

0469 
3460 
6430 
9380 

0769 
3758 
6736 
9674 

1068 
40J55 
7022 
9968 

801 
295 

5 
6 

7 

161368 
4353 
7317 

1667 
4650 
7618 

1967 
4947 
7908 

2266 
5244 
8203 

2564 
5541 
8497 

1434 
4351 

2868 

5838 
8792 

8 
9 

170262 
8186 

0556 
8478 

0848 
8769 

1141 
4060 

1726 
4641 

2019 
4932 

2311 
5222 

2603 
5512 

2896 
5802 

293 

291 

Proportional  Parts. 


Diff. 


2 


821 
320 
319 
318 
817 
316 
815 
314 
313 
812 

811 
310 
309 
308 
307 
306 
305 
304 
303 
302 

301 
800 
299 
298 
297 
296 
295 
294 
293 
292 

291 
290 
289 
288 
287 
286 


32.1 
32.0 
31.9 
81.8 
81.7 
31.6 
31.5 
81.4 
31.3 
81.2 

31.1 
81.0 
30.9 
30.8 
30.7 
30.6 
80.5 
30.4 
30.3 
30.2 

30.1 
30.0 
29.9 
29.8 
29.7 
29.6 
29.5 
29.4 
29.3 
29.2 

29.1 
29.0 
28.9 
28.8 
28.7 
28.6 


64.2 
64.0 
63.8 
63.6 
63.4 
63.2 
63.0 
62.8 
62.6 
62.4 

62.2 
62.0 
61.8 


.6 
.4 
.2 
.0 


61, 

61 

61, 

61 

60.8 

60.6 

60.4 

60.2 
60.0 
69.8 
59.6 


59.4 
59.2 
59.0 
58.8 
68.6 
58.4 

58.2 
58.0 
57.8 
57.6 
57.4 
57.2 


8 

4 

6 

6 

96.3 

128.4 

160.5 

192.6 

96.0 

128.0 

160.0 

192.0 

95.7 

127.6 

159.5 

191.4 

95.4 

127.2 

15<).0 

190.8 

95.1 

126.8 

158.5 

190.2 

94.8 

126.4 

158.0 

189.6 

94.5 

126.0 

157.5 

189.0 

94.2 

125.6 

157.0 

188.4 

93.9 

125.2 

156.5 

187.8 

93.6 

iai.8 

156.0 

187.2 

93.8 

124.4 

155.5 

186.6 

93.0 

124.0 

155.0 

186.0 

92.7 

123.6 

154.5 

185.4 

92.4 

123.2 

154.0 

184.8 

«^.l 

122.8 

153.5 

184.2 

91.8 

122.4 

153.0 

183.6 

91.5 

122.0 

152.5 

183.0 

91.2 

121.6 

152.0 

182.4 

90.9 

121.2 

151.5 

181.8 

90.6 

120.8 

151.0 

181.2 

90.8 

120.4 

150.5 

180.6 

90.0 

120.0 

150.0 

180.0 

89.7 

119.6 

149.5 

179.4 

89.4 

119.2 

149.0 

178.8 

89.1 

118.8 

148.5 

178.2 

88.8 

118.4 

148.0 

177.6 

88.5 

118.0 

147.5 

177.0 

88.2 

117.6 

147.0 

176.4 

87.9 

117.2 

146.5 

175.8 

87.6 

116.8 

146.0 

175.2 

87.3 

116.4 

145.5 

174.6 

87.0 

116.0 

145.0 

174.0 

86.7 

115.6 

144.5 

173.4 

86.4 

115.2 

144.0 

172.8 

86.1 

114.8 

143.5 

1TO.2 

86.8 

114.4 

143.0 

171.6 

224.7 
224.0 
223.3 
222.6 
221.9 
221.2 
220.6 
219.8 
219.1 
218.4 

217.7 
217.0 
216.8 
215.6 
214.9 
214.2 
213.5 
212.8 
212.1 
211.4 

210.7 
210.0 
209.8 
208.6 
207.9 
207.2 
206.6 
205.8 
205.1 
2i)4.4 

208.7 
208.0 
202.8 
201.6 
200.9 
200.2 


256.8 
256.0 
255.2 
^4.4 
253.6 
252.8 
252.0 
251.2 
250.4 


^9.6 

248.8 
248.0 
247.2 
246.4 
245.6 
244.8 
244.0 
243.2 
242.4 
241.6 

240.8 
240.0 
239.2 
238. 4 
237.6 
886.8 
886.0 
886.2 
284.4 
888.6 

282.8 
232.0 
231.2 
280.4 
229.6 
228.8 


2H8.9 
288.0 
287.1 
286.2 
285.3 
2^.4 
283.5 
282.6 
281.7 
280.8 

2T9.9 
279.0 
278.1 
2r7.2 
276.3 


275. 
274 


278.6 


272. 

271. 


2TO.9 
2TO.0 
260.1 
268.2 
267.8 
260.4 
265.6 
2&4.6 
268.7 
262.8 


261 
261 
260 
250 
858 
857 


.0 
0 
1 
8 
3 
4 


^^ 


TABLE  XXTV. — ^LOOABITHMB  OP  NUMBERi. 


No.  160  L.  176.1 


[No.  169  L.  380. 


N. 

0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

Diff. 

150 
1 

176091 
8977 

6381 
9264 

6670 
9552 

6959 
9839 

2700 
5542 
8366 

7248 

7536 

7825 

8113 

8401 

8689 

289 

0126 

2985 
5825 
8647 

0413 
3270 
6106 
8928 

0699 
3555 
6891 
9209 

0986 
3839 
6674 
9490 

1272 
4123 
6956 
9771 

1668 
4407 
7239 

287 
285 
283 

2 
3 

4 

181844 
4691 
7521 

2129 

4975 
7803 

2415 
5259 
8064 

0051 
2846 
5628 

8382 

281 
279 

378 
276 

5 
6 

7 
8 

190332 
3125 
5900 
8657 

0612 
3403 
6176 
8932 

0892 
3681 
6453 
9206 

1171 
3959 
6729 
9481 

1451 
4237 
7005 
9755 

1730 
4514 
7281 

2010 
4792 
7556 

2289 
5069 
7832 

2567 
5346 
8107 

0029 
2761 

5475 
8173 

0303 
3033 

5746 

8441 

0577 
3305 

6016 
8710 

0850 
3577 

6286 
8979 

1124 

3848 

6556 
9247 

274 
272 

271 
269 

9 

160 

1 
2 

201397 

4130 
6826 
9515 

1670 

4391 
7096 
9783 

1943 

4663 
7365 

2216 

4934 
7634 

2488 

5204 
7904 

0051 
2720 
5373 
8010 

asi9 

2986 
5638 
8273 

0586 
3252 
5902 

8536 

0853 
3518 
6166 
8798 

1121 
3783 
6430 
9060 

1388 
4049 
6694 
9323 

1654 
4314 
6957 
9585 

1921 
4679 
7221 
9846 

267 

266 

*264 

262 

3 
4 
5 

212188 
4844 
7484 

2454 

5109 

7747 

6 

7 
8 
9 

220106 
2716 
5309 
7887 

23 

0370 
2976 
5568 
8144 

0681 
3236 
5826 
8400 

0892 
3496 
6064 
8657 

1153 
3755 
6342 

8913 

1414 
4015 
6600 
9170 

1675 
4274 
6858 
9426 

1936 
4533 

7115 
9682 

2196 
4792 
7372 
9938 

2456 
5051 
7630 

261 
259 

258 

0193 

256 

Proportional  Parts. 


Diflf. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

285 

28.5 

57.0 

86.6 

114.0 

142.5 

171.0 

199.5 

228.0 

256.5 

-284 

28.4 

56.8 

86.2 

113.6 

142.0 

170.4 

198.8 

227.2 

256.6 

283 

28.3 

56.6 

84.9 

113.2 

141.5 

169.8 

198.1 

226.4 

254.7 

282 

28.2 

66.4 

84.6 

112.8 

141.0 

169.2 

197.4 

2^.6 

253.8 

281 

28.1 

66.2 

84.3 

112  4 

140.6 

168.6 

196.7 

224.8 

252.9 

280 

28.0 

56.0 

84.0 

112.0 

140.0 

168.0 

196.0 

224.0 

252.0 

279 

27.9 

65.8 

83.7 

111.6 

139.6 

167.4 

195.3 

223.2 

251.1 

278 

27.8 

66.6 

83.4 

111.2 

189.0 

166.8 

194.6 

222.4 

250.2 

277 

27.7 

55.4 

^3.1 

110.8 

138.6 

166.2 

193.9 

221.6 

249.3 

276 

27.6 

56.2 

82.8 

110:4 

138.0- 

165.6 

193.2 

220.8 

248.4 

275 

27.5 

55.0 

82.5 

110.0 

137.6 

165.0 

192.5 

220.0 

247.6 

274 

27.4 

54.8 

82.2 

109.6 

137.0 

164.4 

191.8 

219.2 

246.6 

273 

27.3 

54.6 

81.9 

109.2 

136.6 

163.8 

191.1 

218.4 

245.7 

272 

27.2 

54.4 

81.6 

108.8 

136.0 

163.2 

190.4 

217.6 

244.8 

271 

27.1 

54.2 

81.3 

106.4 

135.5 

162.6 

189.7 

216.8 

213.9 

270 

27.0 

54.0 

81.0 

108.0 

135.0 

162.0 

189.0 

216.0 

243.0 

269 

26.9 

53.8 

80.7 

107.6 

134.5 

161.4 

188.3 

216.2 

242.1 

268 

26.8 

53.6 

80.4 

107.2 

134.0 

160.8 

187.6 

214.4 

241.2 

267 

26.7 

63.4 

80.1 

106.8 

133.6 

160.2 

186.9 

213.6 

240.3 

266 

26.6 

63.2 

79.8 

106.4 

133.0 

169.6 

186.2 

212.8 

239.4 

265 

26.5 

53.0 

79.5 

106.0 

132.5 

159.0 

185.5 

212.0 

238.6 

264 

26.4 

62.8 

79.2 

106.6 

132.0 

168.4 

184.8 

211.2 

237.6 

263 

26.3 

62.6 

78.9 

105.2 

131.5 

167.8 

184.1 

210.4 

236.7 

262 

26.2 

62.4 

78.6 

104.8 

131.0 

157.2 

183.4 

209.6 

236.8 

261 

26.1 

52.2 

78.3 

104.4 

130.5 

156.6 

182.7 

208.8 

234.9 

260 

26.0 

62.0 

78.0 

104.0 

130.0 

156.0 

182.0 

208.0 

234.0 

259 

25.9 

61.8 

77.7 

103.6 

129.5 

155.4 

181.3 

207.2 

233.1 

258 

25.8 

61.6 

77.4  . 

103.2 

129.0 

154.8 

180.6 

206.4 

232.2 

267 

25.7 

61.4 

77.1 

102.8 

128.5 

164.2 

179.9 

205.6 

231.3 

256 

25.6 

51.2 

76.8 

102.4 

128.0 

153.6 

179.2 

204.8 

230.4 

255 

25.5 

51.0 

76.5 

102.0 

1&7.5 

153.0 

178.5 

204.0 

229.5 

dm 


SjSI 


s 


s 


i 
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TABLB  KXTT. — ^LOOABETHKB  OF  I71IILSBB8. 


No. 

&90  Lu<78.] 

• 

[Na  214  li.  882. 

N. 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

Diff. 

1 

278754" 

6982 

• 
'9211 

9489: 

9667 

■ 

9895 

' 

1 

. 

I'Jd) 

0123 

4656 
6905 
914:3 

0351 
2622 
4882 
7130 
9366 

0578 
2849 
5107 
7354 
9589 

0806 
3075 
5382 

7578 
9812 

228 
227 
226 
225 
223 

1 
2 
3 

4 

381088 
3301 

5557 
7mi 

1261 
3527 
5W2 
8026 

1488 
3758 

6au7 

8249 

1715 
3979 
6232 
8473 

1942 
4205 
6456 
8696 

2169 
4481 
6681 
8920 

5 

7 

8  . 
9 

290035 

4466 
6065 
8853 

0257 

2478 
4687 
6884 
9071 

0480 
2699  , 
4907 
7104 
9289 

0702 
2920 
5127 
7323 
9507  . 

0925 
3141 
5347 
7542 
9725 

1147 
8363 
5367 
7761 
9943 

1869 
8584 
5787 
7979 

1391 
3804 
6U07 
8198 

1B13 
4025 
6:J2G 

8410 

2084 
4246 
6446 
86:i5 

222 
221 
220 
219 

0161 

2381 
4491 
(K)89 

8778 

0906 
3023 
5130 
7227 
0314 

0378 

2547 

470(5 
6854 
6991 

0595 

27W 

4921 
7008 
9204 

0813 

29G0 
5lbJ 
7282 
9417 

218 

217 

2ia 

215 
213 

aoo 
1 

2 
8 
4 

soioas 

8196 
5361 
7486 
9630 

1247 
8112 
5566 
7710 
9843 

1464 

8628 

mm 

7324 

1681 
3844 
5996 
6137 

1898 
■4059 
6211 
8351 

2114 

4275 
6425 
8564 

0066 
2177 
4289 
6390 

8181 

0268 
2389 
4499 

&m 

8689 

0481 

2000 
4710 
6809 
8898 

0693 
2812 

4920 
7018 
9106 

1118 
3284 
5340 
7436 
9522 

1890 
8445 
5551 
7646 
9^0 

1542 

36C0 
5760 

7854 
9938 

212 

211 
210 
209 
208 

5 
6 
7 
S 

311754 
3867 
59TO 

8063 

1966 
40;?J 
6180 
8272 

9 

210 

1 

2 
3 

320146 

2219 

4282 
0386 
8380 

0354 

2420 

4488 
6541 
8583 

0562 

26a3 

4694 
6745 
8787 

07C9 

2839 
4899 
6950 
8991 

0977 

3046 
5105 
7165 
9194 

1184 
3252 

5;iio 

7359 
9398 

1391 

ai58 
5516 
7563 
9001 

1508' 

86C5 
5?21 
7767 
9805 

1832 

1803 

8871 
5920 
7972 

OOOS 
20;« 

2012 

407r 
0131 
8176 

207 

206 
205 
204 

0211 
225^0 

203 
2(>2 

4 

880414 

(017 

0819 

1022     1225 

1427  .  1680 

Proportional  Parts. 


Diff. 

1 

2 

3 

4 

5 

6 

< 

8 

9 

225 

22.5 

45.0 

67.5 

90.0 

112.5 

1.35.0 

157.5 

180.0 

202.5 

224 

22.4 

44-8 

67.2 

89.6 

112.0 

134.4 

156.8 

179.2 

201.6 

223 

22.8 

44.6 

66.9 

89.2 

111.5 

183.8 

166.1 

-  1^.4 

200.7 

222 

22.2 

44.4 

66.6 

88.8 

111.0 

133.2 

1H5.4 

177.6 

199.8 

221 

22.1 

44.2 

66.3 

88.4 

110.5 

132.6 

154.7 

176.8 

198.9 

220 

22.0 

44.0 

66.0 

H8.0 

110.0 

132.0 

154.0 

176.0 

198.0 

219 

21.9 

43.8 

65.7 

87.6 

109.5 

131.4 

15:^.3 

175.2 

197.1 

218 

21.8 

48.6 

65.4 

87.2 

109.0 

130.8 

152.6 

174.4 

196.2 

217 

21.7 

43.4 

05.1 

86.8 

108.5 

130.2 

151.9 

173.0 

195.3 

216 

21.6 

43.2 

64.8 

86.4 

108.0 

129.6 

151.2 

172.8 

11M.4 

215 

21.5 

48.0 

64.5 

86.0 

107.5 

129.0 

150.6 

172.0 

193.5 

214 

21.4 

42.8 

64.2 

85.6 

107.0 

128.4 

149.8 

171.2 

192.6 

213 

21.3 

42.0 

63.9 

85.2 

106.5 

127.8 

149.1 

170.4 

191.7 

212 

21.2 

42.4. 

63.6 

84.8 

106.0 

127.2 

148.4 

109. 6 

1E0.8 

211 

21.1 

42.2 

63.3 

84.4 

105.5 

126.6 

147.7 

168.8 

189.9 

210 

21.0 

42.0 

63.0 

84.0 

105.0 

126.0 

147.0 

168.0 

189.0 

209 

20.9 

41.8 

62.7 

83.6 

104.5 

125.4 

146.3 

167.2 

188.1 

208 

20.8 

41.6 

62.4 

83.2 

104.0 

124.8 

145.6 

166  4 

187.2 

207 

20.7 

41.4 

82.1 

82.8 

103.5 

124.2 

144.9 

165.6 

186.3 

206 

20.6 

41.2 

61.8 

82.4 

103.0 

123.6 

144.2 

404.8 

185.4 

205 

20.5 

4d.O 

CI  .5 

82.0 

102.5 

123.0 

143.5 

164.0 

184.5 

204  f 

20.4 

40.8 

61.2 

81.6 

102.0 

122.4 

142.8 

163.2 

183.6 

208 

20.3 

40.6 

60.9 

81.2 

101.5 

121.8 

142.1 

162.4 

182.7 

202 

20.2 

40.4 

60.6 

0.8 

101 .0 

1:?1.2 

141.4 

161.6 

181.8 

338 


TABLE  X3fTV. — LOGARITHMS  OP  KUMBBRt. 


No.  215  L.  882.] 


[No.  289  L.  880. 


N. 


215 

832438 

6 

4454 

7 

0460 

8 

8456 

9 

840444 

220 

2428 

1 

4392 

2 

6853 

8 

8305 

4 

350248 

5 

2183 

6 

4108 

7 

6028 

8 

7935 

9 

98;i5 

230 

861728 

1 

3612 

2 

5488 

8 

7^56 

4 

9216 

2640 
4656 
6660 
8656 


0642 

2620 
4589 
6549 
8500 

0442 
2375 

4301 
6217 
8125 


9 


2842 
4856 
6860 
8855 


8044 

50£.7 
7060 
9054 


0841 

2817 
4785 
6744 
8694 


1039 

8014 
4981 
6089 
8889 


0636 
2568 
4493 
6408 


0839 
2761 
46S5 
6599 


8316  8500 


4 

5 

6 

7 

8246 

3447 

8649 

8860 

5257 

5458 

5658 

5859 

7260 

7469 

7659 

7858 

9253 

9451 

9650 

9849 

1237 

1435 

1632 

1880 

8212 

8409 

8606 

8802 

6178 

5374 

5670 

5766 

7135  1 

7330 

7525 

7720 

9083 

9278 

9472 

9666 

1023 
2954 
4876 
6790 
8696 


0025 

0215 

0404 

1917 

2105 

2294 

3800 

3988 

4176 

5675 

5862 

6049 

7542 

7729 

7915 

9401 

9587 

9772 

0593 

2482 
4863 
6236 
8101 
9958 


5 

8n068 

1253 

1487 

1622 

1806 

6 

2912 

8096 

8280 

8464 

8647 

7 

4748 

4932 

5115' 

5298 

5481 

8 

6577 

6759 

6942 

7124 

7306 

9 

8398 
88 

8580 

8761 

8943 

9124 

8 


4051 
6059 
8058 


4253 

6260 
8257 


0047 
2028 

8999 
6i;62 
7915 
9860 


0246 
2225 

4196 
6167 
8110 


1216 
3147 
6068 
6981 
8886 


1410 
3839 
5260 
7172 
9076 


0783 

2671 

4651 

i  &123 

:  8287 


0972 

2869 
4739 
6610 
8478 


1608 
8582 
6452 
7363 
9266 


1161 

8048 
4926 
6796 
8659 


0143 
1991 
8831 
5664 
7488 
9300 


0328 
2175 
4015 
5846 
7670 
9487 


0513 
2860 
4198 
6029 
7862 
9668 


1796 
8724 
5648 
7554 
9456 


0054 
1969 
8916 
5884 
7744 
9646 


1850 

8286 
5118 
6988 

8845 


0698 
2544 
4882 
6212 
8084 
9849 


1539 

8424 
5801 
7169 
9080 


0683 
2728 
4565 
6894 
8216 


0080 


Proportional  Parts. 


Diff. 


202 
201 
200 

199 
196 

197 
196 
195 

194 
193 
193 
192 
191 
190 

189 

188 
188 
187 
186 


185 
184 
184 
188 
162 

181 


Dlff. 

1 

2 

3 

4 

6 

6   . 

7 

8 

9 

202 

20.2 

40.4 

60.6 

80.8 

101.0 

121.2 

141.4 

161.6 

181.8 

201 

20.1 

40.2 

60.3 

80.4 

100.5 

120.6 

1«).7 

160.8 

160.9 

200 

20.0 

40.0 

60.0 

80.0 

100.0 

120.0 

140.0 

160.0 

180.0 

199 

19.9 

89.8 

69.7 

79.6 

99.5 

119.4 

189.8 

160.2 

1T9.1 

198 

19.8 

39.6 

59.4 

79.2 

99.0 

118.8 

188.6 

168.4 

ire.2 

197 

19.7 

89.4 

59.1 

78.8 

98.5 

118.2 

187.9 

167.6 

177.8 

196 

19.6 

89.2 

58.8 

78.4 

98.0 

117.6 

187.2 

166.8 

176.4 

196 

19.5 

39.0 

58.5 

78.0 

97.5 

117.0 

186.6 

156.0 

175.6 

194 

19.4 

88.8 

68.2 

77.6 

97.0 

116.4 

186.8 

166.2 

174.6 

193 

19.3 

38.6 

57.9 

77.2 

96.5 

115.8 

186.1 

164.4 

178.7 

192 

19.2 

38.4 

67.6 

76.8 

96.0 

115.2 

134.4 

168.6 

1«.6 

lyi 

19.1 

38.2 

57.3 

76.4 

95.6 

114.6 

183.7 

162.8 

in.9 

190 

19.0 

88.0 

57.0 

76.0 

95.0 

114.0 

188.0 

162.0 

171.0 

189 

18.9 

87.8 

56.7 

75.6 

94.5 

113.4 

182.3 

161.2 

170.1 

188 

18.8 

37.6 

56.4 

75.2 

94.0 

112.8 

181.6 

160.4 

168.2 

187 

18.7 

37  4 

56.1 

74.8 

93.5 

112.2 

180.9 

149.6 

168.8 

186 

18.6 

37.2 

66.8 

74.4 

93.0 

111.6 

180.2 

148.8 

167.4 

186 

18.5 

37.0 

66.5 

74.0 

92.6 

111.0 

129.5 

148.0 

166.5 

184 

18.4 

36.8 

55.2 

73.6 

92.0 

110.4 

128.6 

147.2 

165.6 

183 

18.8 

86.6 

54.9 

73.2 

91.5 

109.8 

126.1 

146.4 

164.7 

182 

18.2 

36.4 

64.6 

72.8 

I'l.O 

109.2 

127.4 

146.6 

163.8 

181 

18.1 

86.2 

64.3 

72.4 

90.5 

108.6 

126.7 

144.8 

162.9 

180 

18.0 

86.0 

54.0 

72.0 

90.0 

108.0 

126.0 

144.0 

162.0 

179 

17.9 

as. 8 

53.7 

71.6 

89.5 

107.4 

125.3 

148.2 

161.1 

i^\f 


TABIiS  XtsIY. — ^LOGABITHKS  OF  NUMBBBS. 


No.  240  L.  380.] 


[No.  269  L.  431. 


N. 

0 

1 

8 

8 

4 

C 

6 

7 

8 

9 

Diff. 

240 
1 
2 
3 
4 
5 

380211 
2017 
3816 
5606 
7390 
9166 

0892 
2197 
3995 
5785 
7568 
9348 

0578 
2377 

4174 
5964 
7746 
9520 

0754 
2557 
4a'>3 
6142 
7924 
9698 

0934 
2737 
4533 
6321 

8101 
9875 

1116 
2917 
4712 
6499 
8279 

1296 
3097 
4891 
6677 
8456 

1476 
3277 
5070 
6856 
8634 

1656 
3456 
5249 

7034 
8811 

1887 
3636 
5428 
7212 
8989 

181 
180 
179 
178 
178 

0051 
1817 
3575 
5326 
7071 

8808 

0228 
1993 
3751 
55ih 
7245 

8961 

0405 
2169 
8926 
5676 
7419 

9154 

0582 
2345 

4101 
5850 
7592 

9828 

0759 
2521 
4277 
6025 

7766 

9501 

177 

6 

7 
8 
9 

250 

1 

390935 
2697 
4452 
6199 

7940 

Qft7J. 

1112 
2873 
4627 
6374 

8114 

1288 
3048 
4802 
6548 

8287 

1464 
3224 
4977 
6722 

8461 

1641 
MX) 
5152 
6896 

8634 

176 
176 
175 
174 

173 

VDi^    o\j-xt 

0020 
1745 
3464 
5176 
6881 
8579 

0192 
1917 
3635 
5346 
7051 
8749 

0365 

2069 
.3807 
5517 
7221 
8918 

0538 

2261 
3978 
5688 
7.^91 
9087 

0711 
2433 
4149 
5858 
7561 
9257 

0883 
260^ 
4320 
6029 
7731 
9426 

1056 
2'/77 
4492 
6199 
7901 
9595 

1228 
2949 
4663 
6370 
8070 
9764 

173 

2 

3 
4 
5 

6 

7 

401401 
3121 
4834 
6540 
8240 
9933 

1573 
3292 
5005 
6710 
8410 

172 
171 
171 
170 
169 

0102 
1788 
3467 

5140 

6807 
8467 

0271 
1956 
3635 

5307 
6973 
8633 

0440 
2124 

3803 

5474 
7139 
8798 

0609 
2293 
3970 

6641 
7306 
8964 

0777 
2461 
4137 

5806 
7472 
9129 

0946 
2629 
4305 

5974 
7638 
9295 

1114 
2796 
4472 

6141 
7804 
9460 

1283 

2964 
4639 

6306 
7970 
9625 

1451 
3132 
4806 

6474 
8135 
9791 

169 

8 
9 

260 
1 
2 
3 

411620 
3300 

4973 
6641 

awi 

9956 

168 
167 

167 
166 
165 

0121 

1768 
3410 
5045 
6674 
8297 
9914 

0286 
193:i 
3574 
5208 
6836 
8459 

0451 
2097 
3737 
5371 
6999 
8621 

0616 

2281 

3901  • 

5534 

7161 

8783 

,  0781 
2426 
4065 
5697 
7324 
8944 

0945 
2590 
4228 

5860 
7486 
9106 

1110 
2754 
4392 
6023 
7648 
9268 

1275 
2918 
4555 
6186 
7811 
9429 

1439 

3082 
4718 
6349 
7973 
9591 

165 

4 
6 
.  6 
7 
8 
9 

421604 
3246 
4882 
6511 
8135 
9752 

43 

164 
164 
163 
162 
162 

0075  0236  0398 

1  0559 

0720 

0881  1042 

1203 

161 

Proportionaij  Parts. 


Diflf. 

1 

2 

3 

4 

5 

6 
106.8 

7 

8 

9 

178 

17.8 

35.6 

63.4 

71.2 

.89.0 

124.6 

142.4 

160.2 

177 

17.7 

35.4 

53.1 

70.8 

88.5 

106.2 

123.9 

141.6 

159.3 

176 

17.6 

a5.2 

52.8 

70.4 

88.0 

105.6 

123.2 

140.8 

158.4 

175 

17.5 

35.0 

52.5 

70.0 

87.5 

105.0 

122.5 

140.0 

157.5 

174 

17.4 

34.8 

52.2 

69.6 

87.0 

104.4 

121.8 

139.2 

156.6 

178 

17.3 

34.6 

51.9 

69.2 

86.5 

103.8 

121.1 

138.4 

155.7 

172 

17.2 

34.4 

51.6 

68.8 

86.0 

103.2 

120.4 

137.6 

154.8 

171 

17.1 

34.2 

61.3 

68.4 

85.5 

102.6 

119.7 

136.8 

153.9 

170 

17.0 

34.0 

61.0 

68.0 

85.0 

102.0 

119.0 

136.0 

153.0 

169 

16.9 

33.8 

50.7 

67.6 

f^.5 

101.4 

118.3 

ia5.2 

152.1 

168 

16.8 

33.6 

50.4 

67.2 

84.0 

100.8 

117.6 

134.4 

151.2 

167 

16.7 

33.4 

50.1 

66.8 

83.5 

100.2 

116.9 

133.6 

150.3 

166 

16.6 

33.2 

49.8 

66.4 

83.0 

99.6 

116.2 

132.8 

149.4 

165 

16.5 

33.0 

49.5 

66.0 

82.5 

99.0 

115.5 

132.0 

148.5 

161 

16.4 

32.8 

49.2 

65.6 

82.0 

98.4 

114.8 

131.2 

147.6 

163 

16.3 

32.6 

48.9 

65.2 

81.5 

97.8 

114.1 

130.4 

146.7 

162 

16.3 

32.4 

48.5 

64.8 

81.0 

97.2 

113.4 

129.6 

145.8 

161 

16.1 

32.2 

48.3 

64.4 

80.5 

96.6 

112.7 

128.8 

144.9 

340 


TABtE   XXtV. — LOOABITHM8  OP  ITUMBERS. 


No.  270  L.  431.1 


LNo.  209  L.  470. 


N. 

0 

1 

2 

1 
8 

4 

6 

6 

T 

8 

9 

Difl. 

270 
1 
2 
8 
4 
5 

481364 
2969 
4569 
6163 
7751 
9333 

1525 

3130  1 

4729 

6322 

7909 

9491 

1685 
8290 

4888 
6481 
8067 

1846 
8450 

5048 

6640 

8226 
oonA 

2007 
8610 
6207 
6799 
8384 
9964 

2167 
3770 
5367 
6957 
8542 

2328 
8930 
6626 

7116 
8701 

0279 
1852 
8419 
4981 
6537 

8088 
9633 

2488 
4090 
6685 
7275 
8859 

0437 
2009 
8576 
5187 
6692 

8242 
9787 

2649 
4249 
5844 
7433 
9017 

2809 
4409 
6004 
7592 
9175 

161 
160 
159 
150 
158 

0122 
1695 
8263 
4825 
6382 

7933 
9478 

0594 
2166 
8782 
6293 
6848 

8897 
9941 

0752 
2823 
3889 
6449 
7008 

8662 

156 
157 
157 
156 
165 

155 

6 
7 
8 
9 

280 
1 

440909 
2480 
4045 
5604 

7158 
8706 

1066 
2637 
4201 
5760 

7313 
8861 

1224 
2798 
4357 
5915 

7468 
9015 

1381 
2950 
4513 
6071 

7623 
9170 

1538 
8106 
4669 
6226 

7778 
9324 

0095 
1633 
8165 
I  4692 
6214 
77*31 
9242 

154 
154 
153 
153 
152 
152 
151 

2 
3 

4 
5 
6 

7 
8 

460249 
1786 
8318 
4845 
6366 
7882 
9392 

0403 
1940 
3471 
4997 
6518 
8083 
9543 

0557 
2093 
8624 
5150 
6670 
8184 
9694 

0711 
2247 
3777 
5302 
6821 
8336 
9645 

0865 
2400 
3930 
5454 
6973 
8487 
9995  ; 

1018 
2553 
4082 
5606 
7125 
8638 

1172 
2706 
4235 

5758 
7276 
8789 

1326 
2859 
4S87 
5910 
7428 
8940 

1479 
8012 
4540 
6062 
7579 
9091 

0146 
1649 

8146 
4639 
6126 

7608 
9085 

0296 
1799 

8296 
4788 
6274 
7756 
9233 

0447 
1948 

3445 
4936 
6423 
7904 
9380 

0597 
2098 

8594 
5085 
6571 
8052 
9527 

0748 
2248 

8744 
6284 
6719 

8200 
9675 

161 
150 

160 
149 
149 

148 
148 

9 

290 
1 
2 
3 
4 
5 

460898 

2398 
3893 
5383 
6868 
8347 
9822 

471292 
2756 
4216 
5671 

1 

1048 

2548 
4042 
5532 
7016 
8495 
9969 

1198 

2697 
4191 
6680 
7164 
8643 

1348 

-2P47 
4340 
5829 
7312 
8790 

1499 

2997 
4490 
5977 
7460 
8938 

0116 
1585 
8049 
4508 
5962 

0263 
1732 
3195 
46,53 
6107 
1 

(M10 
1878 
8341 
4799  , 
6252 

0557 
2025 
8487 
4944 
6397 

0704 
21  n 
3633 
5090 
6542 

0851 
2318 
3779 
52a5 
6687 

0998 
2464 
8925 
5881 
6832 

1145 
2610 
4071 
5526 
6976 

147 
146 
146 
146 
145 

6 
7 
8 
9 

1438 
2903 
4382 
5816 

Proportional  Parts. 


Diff. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

161 

16.1 

32.2 

48.3 

64.4 

80.6 

96.6 

112.7 

128.8 

144.9 

160 

16.0 

32.0 

48.0 

64.0 

80.0 

96.0 

112.0 

128.0 

144.0 

159 

15.9 

31.8 

47.7 

63.6 

79.5 

95.4 

111.3 

127.2 

143.1 

158 

15.8 

31.6 

47.4 

63.2 

79.0 

94.8 

110.6 

126.4 

142.2 

157 

15.7 

61.4 

47.1 

62.8 

78.5 

94.2 

109.9 

125.6 

141.3 

156 

15.6 

31.2 

46.8 

62.4 

78.0 

93.6 

109.2 

124.8 

140.4 

155 

15.5 

31.0 

46.5 

62.0 

77.5 

93.0 

108.5 

124.0 

139.5 

154 

15.4 

30.8 

46.2 

61.6 

77.0 

92.4 

107.8 

123.2 

188.6 

153 

15.3 

30.6 

45.9 

61.2 

76.5 

91.8 

107.1 

122.4' 

137.7 

152 

15.2 

30.4 

45.6 

60.8 

76.0 

91.2 

106.4 

121.6 

136.  S 

151 

15.1 

30.2 

45.3 

60.4 

75.5 

90.6 

105.7 

120.8 

135.9 

150 

15.0 

30.0 

45.0 

60.0 

75.0 

90.0 

106.0 

120.0 

185.0 

149 

14.9 

29.8 

44.7 

59.6 

74.5 

89.4 

104.8 

119.2  134.1 

148 

14.8 

29.6 

44.4 

.59.2 

74.0 

88.8 

103.6 

118.4  133.3 

147 

14.7 

29.4 

44.1  • 

.58.8 

73.5 

88.2 

102.9 

117.6 

132.3 

146 

14.6 

29.2 

43.8 

58.4 

■73.0 

87.6 

102.2 

116.8 

131.4 

145 

14.5 

29.0 

43.5 

58.0 

72.5 

87.0 

101.5 

116.0 

130.5 

144 

14.4 

28.8 

43.2 

57.6 

72.0 

86.4 

100.8 

115.2  129  0 

14;^ 

14.3 

28.6 

42.9 

57.2 

71.5 

85.8 

100.1 

114.4  ■  V».7 

142 

14.2 

28.4 

42.6 

5*5.8 

71.0 

85.2 

99.4 

113.6  1  127.8 

141 

14.1 

28.2 

42.3 

56.4 

70.5 

84.6 

98.7. 

112.8  1».9 

140 

14.0 

28.0 

42.0 

56.0 

70.0 

84.0 

98.0 

112.0  1  136.0 

Ml 


r 


TABLE  XXrV. — ^LOGARITHMS  OP  NTTMBBHS. 


No.  800  L.  477.1 


[No.  839  L.581. 


N. 

0 

1 

2 

« 

4 

$ 

• 

7 

8 

• 

Diff. 

aoo 

1 

477121 
8666 

7266 
8711 

7411 
8856 

7566 

8999 

7700 
9143 

7844 
9287 

7989 
9431 

8133  1- 
9575  1 

8278 
9719 

1156 
2588 
4015 
5437 
6«)5 
8269 
9677 

8422 

9868 

146 

144 

2 
8 
4 
5 
6 
7 
8 
g 

480007 
1413 
2874 
4300 
5721 
7188 
8651 
9968 

• 

0151 
1586 
8016 
4442 
6868 
7280 
8692 

0294 
1729 
8159 
4585 
6005 
7421 
8838 

0438 
1872 
3302 
4727 
6147 
7563 
8974 

0582 
2016 
3445 
4869 
6289 
7704 
9114 

0725 
2159 
8687 
'  6011 
'  6430 
7846 
9255 

0869 
2302 
3730 
6158 
6572 
7986 
9896 

1012 
2445 
3872 
5295 
6714 
8127 
9587 

1299 
2731 
41.57 
5579 
6997 
8410 
9618 

144 
143 
143 
142 
142 
141 
141 

0099 

1602 
2900 
4294 
6688 

7068 
8448 
9624 

0239 

1642 
8040 
4488 
6822 
7206 
8586 
9962 

0380 

1782 
8179 
4572 
6960 
7344 
8724 

0520 

1922 
8819 
4711 
6099 
7483 
8862 

0661 

2062 
8458 
4850 
6288 
7621 
8999 

0801 

2201 
8597 
4989 
6876 
7759 
9187 

0941 

2341 
8737 
6128 
6515 
7897 
9275 

1081 

2481 
8876 
5267 
6653 
8035 
9412 

1222 

2621 
4015 
5406 
6791 
8178 
9550 

140 

140 
189 
189 
189 

138 
188 

310 
1 

8 
4 
6 
6 

491862 
2760 
4166 
5544 
6930 
8811 
9687 

0099 
1470 
2887 
4199 

6557 
6911 
8260 
9606 

0286 
1607 
2978 
4335 

6693 
7046 

8395 
9740 

0374 
1744 
8109 
4471 

5828 
7181 
8>30 
9874 

0511 
1880 
8246 
4607 

6964 
7316 
8664 

0648 
2017 
8382 
4743 

6099 
7451 
8799 

0785 
2154 
3518 
4878 

6284 
7£86 
6984 

0922 
2291 
£655 
5014 

6870 
7721 
9068 

187 
137 
186 
136 

136 
135 
185 

7 
8 
9 

320 
1 
2 
8 

601059 
2427 
3791 

5150 
6605 
7856 
9208 

119a 
2564 

8927 

6286 
6640 
7991 
9837 

1383 
2700 
4063 

5421 
6776 
8126 
1W71 

0009 
1349 
2684 
4016 
5844 
6668 
7987 

9803 

0143 
1482 
2818 
!  4149 
5476 
6800 
8119 

9484 

0745 
2053 
8356 
4656 
5951 
7243 

a53i 

9815 

0277 
1616 
2951 
4282 
£6C9 
6982 
t251 

956^ 

0411 
1750 
8084 
4415 
5741 
7064 
8882 

9697 

184 
184 
188 
188 
138 
182 
182 

181 

4 
5 
6 

7 
8 
9 

830 
1 

510545 
1883 
8218 
4548 
6874 
7196 

8514 
9628 

0679 
2017 
8851 
4681 

8646 
9959 

0818 
2151 
3484 
4818 
6139 
7460 

8777 

0947 
2284 
8617 
4946 
6271 
7592 

8909 

1061 
2418 
8750 
5079 
6403 
7724 

9040 

1215 
2551 
1  3888 
5211 
6535 
7855 

9171 

0090 
1400 
2705 
4006 
5304 
6598 
7888 
9174 

0221 
1530 
2835 
4136 
5434 
6727 
8016 
9302 

0853 
1661 
2966 
4266 
6663 
6856 
8146 
9430 

0484 
1792 
8096 
4396 
5698 
6985 
8274 
9559 

0615 
1922 
!  3226 
4526 
5822 
7114 
8402 
9687 

0676 
2183 
3486 
4785 
G081 
73T2 
86C0 
9943 

1007 
2314 
8616 
4915 
6210 
7101 
8788 

•  181 
181 
180 
180 
129 
129 
129 

2 
8 

4 
5 
6 

7 
8 

621188 
2444 
3746 
5045 
6.339 
7630 
8917 

1269 
2575 
8876 
5174 
6469 
7759 
9045 

0072 
1351 

"  128 
128 

9 

680200 

0828  0456 

0584 

0712 

0840 

0968  1096  ,  1223 

Pbopqrtional  Parts. 


Diff. 

1 

2 

3 

4 

6 

6 

7 

8 

189 

13.9 

27.8 

41.7 

.56.6 

69.5 

88.4 

97.8 

111.2 

138 

18.8 

27.6 

41.4 

55.2 

69.0 

82.8 

96.6 

110.4 

187 

13.7 

27.4 

41.1 

54.8 

68.5 

82.2 

95.9 

109.6 

136 

13.6 

27.2 

40.8 

54.4 

68.0 

61.6 

95.2 

106.8 

135 

18.6 

27.0 

40.5  , 

54.0 

67.5 

81.0 

94.5  . 

108.0 

134 

18.4 

26.8 

40.2 

53.6 

67.0 

80.4 

93.8 

107.2 

188 

13.8 

26.6 

39.9 

58.2 

66.5 

79.8 

93.1 

106.4 

182 

18.2 

26.4 

39.6 

52.8 

66.0 

79.2 

92.4 

105.6 

181 

18.1 

26.2 

89.3 

52.4 

65.6 

.78.6 

91.7 

104.8 

180 

18.0 

26.0 

89.0 

62.0 

65.0 

78.0 

91.0 

104.0 

m 

IS.Oi 

86.8 

88.7 

61.6 

64.5 

77.4 

90.8 

108.2 

128 

18.8 

26.6 

88.4 

61.8 

64.0 

78.8 

80.6 

102.4 

187 

18  7 

25.4 

88.1 

60.8 

68.6 

76.2 

88.9 

101.6 

TABLE  XXIV. — ^LOiSARITHMS  OF  NITMBteRS. 


1.579.  I 


No.  340  L.  531.1 


[No.  379  L 


PROPORTioNAii  Parts. 


N. 

0 

1 

S 

S 

4 

5 

6 

7 

8 

9 

Diff. 

340 
1 
2 
3 
4 
5 
6 

631479 
2754 
4026 
5294 
6558 
7819 
9076 

1607 
2884 
4153 
5121 
6685 
7945 
9202 

1784 
8009 
4280 
5647 
6811 
8071 
9327 

1862 
3186 
4407 
5674 
6937 
8197 
9152 

1990  1 

3264 

4534  i 

5800 

7063 

8322  , 

9578 

2117 
3391 
4661 
5927 
7189 
8448 

9ro3 

2245 
3518 
4787 
6058 
7815 
8674 
9829 

2372 
3&15 
4914 
6180 
7441 
8699 
9954 

2500  ' 

8772 

5041 

6306 

7567 

8825 

2827 
3899 
5167 
6432 
7693 
8951 

128 
127 
127 
126 
126 
126 

0079 
1330 
2576 
3820 

6060 
6296 
7529 
8758 
99^ 

0204 
1464 
2701 
8944 

6183 
6419 
7652 
8881 

125 
125 
125 
124 

124 
124 
123 
128 

7 
8 
9 

;350 

i 

3 

4 

540329 
1579 
2825 

4068 
5307 
6543 
7775 
0003 

0455 
1704 
2950 

4192 
5431 
6666 
7898 

0580 
1829 
3074 

4316 
5556 
6789 
8021 
9219 

0705 
1953 
8199 

4440 
5678 
6918 
8144 
9371 

0830 
2078 
3323 

4564 
5802 
7036 
8267 
9494 

0955 
2203 
3417 

4688 
6925 
7159 
8389 
9616 

1080 
2327 
3571 

4812 
6049 
7282 
8512 
9789 

1205 
2462 

8096 

4936 
6172 
7405 
8685 
9661 

0106 
1828 
2547 
8762 
4978 
6182 

7887 
8589 
9787 

128 
122 
122 
121 
121 
121 

120 
120 
120 

5 
6 
7 
8 
9 

360 
1 
2 
3 

550228 
1450 
2668 
3883 
5091 

6303 
7507 
8709 
9907 

0351 
1572 
2790 
4004 
5216 

6423 

7627 
8829 

0473 
1694 
2911 
4126 
5d36 

6544 
7748 
8948 

0596 
1816 
8038 
4247 
6167 

6664 

7868 
9068 

0717 
1938 
3156 
4368 
5578 

6785 
7988 
9188 

0840 
2060 
8276 
4489 
5699 

6906 
8108 
9308 

0962 
2181 
3398 
4610 
6820 

7026 
8228 
9428 

1064 
2808 
3519 
4731 
6940 

7146 
8849 
954o 

1206 
2425 

8640 
4852 
6061 

7267 
8469 
9667 

0026 
1241 
2412 
8600 
4784 
5966 
7144 

8319 
9491 

0146 
1340 
2531 
3718 
4908 
6081 
7202 

8436 
9608 

0265 
1459 
2650 
3837 
5021 
6202 
7879 

8654 

0385 
1578 
2769 
3955 
5139 
6320 
7497 

8671 
9842 

1  0504 
<  1698 
2887 
4074 
5257 
6437 
7614 

8788 
9959 

0624 
1817 
3006 
4192 
5376 
6555 
7732 

8905 

0743 
1986 
3125 
4311 
6494 
6678 
7849 

9023 

0868 
2056 
8244 
4429 
6612 
6791 
7967 

9140 

0962 
2174 
8362 
4548 
5780 
6909 
8084 

9257 

119 
119 
119 
119 
118 
118 
118 

117 

4 
5 
6 
7 
8 
9 

370 

1 

561101 
2293 
3481 
4666 
5818 
7028 

8202 
9374 

0076 
1243 

2407 
8568 
4?26 
6880 
7032 
8181 
9326 

0198 
1859 
2528 
8684 

4841 
5996 
7147 
8295 
9441 

t 

117 
117 
116 
116 
116 
115 
115 
115 
114 

2 
3 
4 

1 

7 
8 
9 

570543 
1709 
2872 
4031 
5188 
6341 
7492 
8039 

0660 
1825 

2988 
4147 
5303 
6457 
7607 
8754 

0776 
1912 
8104 
4263 
6119 
6572 
7722 
8868 

0898 

2058 
8220 
4379 
6534 
6687 
7836 
8983 

1010 
2174 
8836 

4494 
5650 
6802 
7951 
9097 

1126 
2291 
3452 
4610 
6766 
6917 
8066 
9212 

1476 
3689 
8800 
4967 
6111 
7262 
8410 
9556 

1592 
2756 
3915 
6072 

7877 
8625 
9660 

Diff. 

1 

2 

3 

4 

5 

6 

7 
89.6 

8 

9 

128 

12.8 

25.6 

38.4 

51.2 

64.0 

76.8 

108.4 

115.2 

127 

12.7 

25.4 

38.1 

50.8 

63.5 

76.2 

88.9 

101.6 

114.3 

126 

12.6 

25.2 

37.8 

50.4 

63.0 

75.6 

88.2 

100.8 

113.4 

125 

12.5 

25.0 

37.5 

50.0 

62.5 

75.0 

87.5 

100.0 

112.5 

121 

12.4 

24.8 

37.2 

49.J8 

62.0 

74.4 

86.8 

99.2 

111.6 

123 

12.3 

21.6 

30.0 

49.2 

61.5 

73.8 

86.1 

06.4 

110.7 

122 

12.2 

24.4 

36.6 

48.8 

61.0 

73.2 

85.4 

97.6 

109.8 

121 

12.1 

24.2 

36.3 

48.4 

60.5 

72.6 

84.7 

96.8 

106.9 

120 

12.0 

24.0 

36.0 

48.0 

60.0 

72.0 

84.0 

96.0 

108.0 

119 

11.9 

23.8 

35.7 

47.6 

59.5 

71.4 

83.3 

96.2 

107.1 

S43 


TABLE  XXIV. — LOGARITHMS  OF  NUMBERS. 


No.  880.  L.  579.] 


[No.  414  L.  617. 


N. 


880 


300 
1 
2 
8 
4 
5 
6 
7 
8 

9 

400 
1 
2 
8 
4 
6 
6 
7 

8 
9 

410 
1 
2 
8 
4 


0 


579784 


1 

580925 

2 

2063 

8 

3199 

4 

4331 

5 

5461 

6 

6587 

7 

7711 

8 

8832 

0 

9950 

9898 


8 


591065 
2177 
3286 
4393 
5496 
6597 
7695 
8791 
9883 


600973 

2060 
3144 
4226 
5305 
6381 
7455 
8526 
9594 


1039 
2177 
3312 
4444 
5574 
6700 
7823 
8944 


0061 

1176 
2288 
3397 
4503 
5006 
0707 
7805 
8900 
9992 


0012 

1153 
2291 
3426 
4557 
5686 
6812 
7935 
9056 


610660 
1723 

2784 
3842 
4897 
5950 
7000 


1082 

2169 
3253 
4334 
5413 
6489 
7562 
8633 
9701 


0767 
1829 

2890 
3947 
5003 
6055 
7105 


0178 

1287 
2399 
3508 
4614 
5717 
6817 
7914 
9009 


0126 

1267 
2404 
3539 
4670 
5799 
6925 
8047 
9167 


0101 
1191 

2277 
3361 
4442 
6521 
6596 
7669 
8740 
9808 


0873 
1936 

2996 
4053 
5108 
6160 
7210 


0284 

1399 
2510 
3618 
4724 
5827 
6927 
8024 
9119 

0210 
1299 

2386 
8469 
4550 
5628 
6704 
7777 
8847 
9914 


0241 

1381 
2518 
3652 
4788 
5912 
7037 
8160 
9279 


5 


6 


0979 
2042 

3102 
4159 
5213 
6265 
7315 


0896 

1510 
2621 
3729 
4834 
5937 
7037 
8134 
9228 


0356 

1495 
2631 
3765 
4896 
6024 
7149 
8272 
9391 


0469  I  0583 


8 


9   Difl. 


0319 
1406 

2494 
3577 

4658 
6736 
6811 
7884 
8954 


0507 

1621 
2732 
3840 
4945 
6047 
7146 
8243 
9337 


1606 
2745 
8879 
6009 
6137 
7262 
8384 
9503 


1722 
2858 
3992 
5122 
6260 
7374 
8496 
9615 


0428 
1617 

2603 
3686 
4766 
6844 
6919 
7991 
9061 


0619 

1732 
2843 
3950 
6055 
6157 
7256 
8353 
9446 


0780 

1843 
2954 
4061 
6165 
6267 
7866 
8462 
9566 


0697 

1836 
2972 
4105 
5235 
6362 
7486 
8608 
9726 


0842 

19.55 
3064 
4171 
5276 
6377 
7476 
8572 
9665 


0021 

0128 

1086 

1192 

2148 

2254 

3207 

8313 

4264 

4370 

5319 

6424 

6370 

6476 

7420 

7525 

0537 

0646 

1625 

1734 

2711 

2819 

3794 

3902 

4874 

4982 

5951 

6059 

7026 

7133 

8098 

8205 

9167 

9274 

0234 

0341 

1298 

1405 

2360 

2466 

3419 

3525 

4475 

4581 

5529 

5634 

6581 

6686 

7629 

7734 

0755 
1843 

2928 
4010 
5089 
6166 
7241 
8312 
9381 


0447 
1511 
2572 

3680 

4686 
5740 
6790 
7839 


0811 

1950 
3085 
4218 
6348 
6475 
7599 
8720 
9838 


0953 

2066 
3175 
4282 
5386 
6487 
7586 
8681 
9774 


0864 
1951 

3036 

4118 
5197 
6274 
7348 
8119 
9488 


0554 
1617 
2678 

3736 

4792 
5845 
6895 
7943 


114 

113 
112 


111 
110 
109 

106 
107 

106 

105 


Proportional  Parts. 


Diflf. 

1 

2 

118 

11.8 

23.6 

117 

11.7 

23.4 

116 

11.6 

23.2 

115 

11.5 

23.0 

114 

11.4 

22.8 

113 

11.3 

22.6 

112 

11.2 

22.4 

111 

11.1 

22.2 

110 

11.0 

22.0 

109 

10.9 

21.8 

108 

10.8 

21,6 

107 

10.7 

21.4 

106 

10.6 

21.2 

105 

10.6 

21.0 

105 

10.6 

21.0 

104 

10.4 

20.8 

35.4 
35.1 
34.8 
34.5 
34.2 
33.9 
33.6 

33.3 
33.0 
32.7 
82.4 
32.1 
31.8 
81.5 
31.5 
81.2 


6 


47.2 
46.8 
46.4 
46.0 
45.6 
45.2 
44.8 

44.4 
44.0 
43.6 
43.2 
42.8 
42.4 
42.0 

41.6 


59.0 

58.5 

58.0 

57 

57. 

56. 

56. 


.5 
.0 
.5 
.0 


55.5 
55.0 
54.5 
I>4.0 
53.5 
53.0 
52.5 

52.0 


70.8 
70.2 
69.6 
69.0 
68.4 
67.8 
67.2 

66.6 
66.0 
65.4 
64.8 
64.2 
63.6 
63.0 
«3.0 
62.4 


8 


82.6 
81.9 
81.2 
80.5 
79.8 
79.1 
78.4 

77.7 
77.0 
76.3 
75.6 
74.9 
74.2 
73.5 
73.5 
72.8 


94.4 
93.6 
92.8 
92.0 
91.2 
90.4 
89.6 

88.8 
88.0 
87.2 
86.4 
85.6 
84.8 
84.0 
84.0 
88.2 


9 

106.2 
105.3 
104.4 
103.5 
102.6 
101.7 
100.8 

99.9 
99.0 
98.1 
97.2 
96.3 
95.4 
94.5 
94.5 
98.6 


344: 


T-ASLE  XXIY. — ^LOGABITHHS  OF  IfUinUUUI. 


15  L.  6184 


[No.  459  L.  eai  \ 


• 


618048 

mm 


630136 
1176 
2S14 

3249 

5ai5J 
6340 
7300 
8880 


63l)4:;28 
1444 
24Ji 

3468 
4477 
MW 
6488 
7490 
8489 
9480 


640481 
1474 
2^165 

3453 
4439 

5422 
6404 
7383 
8360 
9335 


650308 

lare 

2246 

3213 
4177 
5138 
6098 
7056 
HOIl 
8965 
9916 


8 


8153  !  8257 
9198  9302 


024;0  I  0844 
1280  I  1384 
2318  2421 


3353 

4385 
5415 


3456 
4488 
6518 


($443  6546 

7408  7571 

8491  I  mm 

951:2  '  9013 


or,30  0631 
1.V40  I  1047 
2060 

3670 
4675] 
5085 
6088 
7690 
3689 


ai69 
4578 
55J^ 
6588 
7590 
8589 
9586 


i686 


0581 
157:3  I 
2563  I 

3551 

4537 

5521 

6502 

7481 

8458  ' 

9432  ! 


0405 
1375 
2343 


3309 
4273 
52:^5 
6194 
7152 
8107 
90(i0 


I 


0680 
1672 
2662 

3650 
4636 
5619 
6600 
7679 
8555 
9530 

0502 
1472 
2440 

3405 
4369 
5;i31 
6290 
7247 
8202 
9155 


6G08()5 
1813  , 


(K)ll  0106' 
01X50  ia55 
1907  I  2002 


8362 
94106 


0448 
1488 
2525 

3550 

4581 

5621 

6648 

767:1- 

8605 

9715 


0733 
1748 
2701 

3771 
4779 
5786 
6789 
7790 
8789 
9785 


0201 
1150 
201KJ 


0552 
1592 
2828 

3668 
4695 
572tl 
6751 
777'5 
87W 
9817 


1849 

3872 
4880 
I  5880 
I  0889 
7890 
8888 
9885 


0879 
1871 
2860 

3847 
4882 
5815 
6796 
7774 
8750 
9724 


0696 
1666 
2633 

3598 
4562 
5523 
6482 
7438 
8393 
9346 


0296 
1245 
2191 


8466  I  8571 
9611  I;  9615 


8676 
9719 


8780 
9824 


8 


8884 
9928 


0656 
1695 
2732 

3766 
4798 

5827 
6858 
7878 
8900 
9919 


0760 
1799 
2835 


0864  '  0968 
1908  I  2007 
:!i939  3042 


3860  3973  4076 

4901  5004  I  5107 

59fc9  I  6032  6135 

6950  i  ':t58  7161   7^M8 

•JfchO  I  (-082  81i^5  8287 

9002  '  9104  92L6  i  9^08 


» 

I>iff. 

8889 

105 

0032 

lt372 

104 

2110 

sr46 

4179 

52S0 

108 

6238 

0835  ■  0936 


1  1951 
I  2963 

39ra 

4981 

'  5986 

6989 

7990 


0021 
105i8 
2052 
3064 

4074 
5081 
6087 
7089-  i 
8090  I 
9088  I 


0123  0224  0:^26 

1139  1241  <   13«J 

2158  2255  2356 

3165  3266  3367 


4175 
6182 
6187 
7189 
8190 
9188. 


9984  ' — -— ' 
0084 

lorr 

2069' 
3058 


0978 
1970 
2959' 

3946 
4981 
5913 
6894 
7872 
8848 
9821 

0793 
1762 
2730 


4044 

6029 

6011 

6992 

7969' 

8945. 

9919' 


0183 
1177 
2168' 
3156' 


4276 

5k83  ; 
6287  I 
7290' 
8290  , 
9287  I 

0283:; 
1276 
2267 
3255  ! 


437<6 
5b88 
6388 
7b90 
8389 
9887 


0382 
1375 
2866 
3354 


4143.  ,  4242 

5127  5226i 


6110' 
7089 


6208^ 
7187 


8067  8165 
90431,  9140) 


4840 

5324 

;  6306 

I  7286 

!  8262 

9237 


0890 
1859 
2826 


3695 

3791 

4658 

47.54 

5619 

5715 

6577 

6673 

7'534 

7029 

W88 

85^ 

9441 

95;% 

0016 
0987 
1956. 
2928 

3888 
4850 
5810 
6769 
7725 
8679 
9681 


0113'  I  0210 
1084  I  1181 
2053  2150 
3019<  ,  3116 


3984 
4946 
5906 
6864 
7820 
8774 
9726 


4080 
6042 
6002 
6960 
7916 
8^70 
9821 


0391  '  0486 
T339  1434 
22^,6  I  2380 


0581 
1529 
2475 


0670  0771 
162:1  1718 
2569  2e63. 


102 


101  • 


100 


99 


98 


97 


96 


95 


Proportional  Parts. 


1 

2 

3 

4 

5 

6 

7. 

8 

10.5 

21.0 

31.5 

42.0 

52.5 

68.0 

78.5 

»4.0 

J  y> .  4 

J.!).?* 

bl.2 

41.6 

52.0 

62.4 

78.8 

8S.2 

,  10  3 

2(1.6 

80.0 

41.2 

51.5 

61.8 

72  1 

82.4 

1  10.2 

20.4 

30  (5 

40.8 

51.0 

61.2 

71  4 

81.0 

'  10.1 

20.2 

:.o.:) 

40.4 

50.5 

60.6 

70  7 

80.8 

10.0 

20.0 

W.O 

40.0 

50.0 

60.0 

70  0 

80.0 

i     9.9 

19.8 

29. 7 

39.0 

49.5 

59.4 

69.3 

7D.2 

9 


94.5 

9«.u 

W  7 

91. H 

90.9, 

90.0 

8».l 


iHii 


TABIiE  XXrV. — liOOARITHMS  OF  ^UMBBRS. 


^^o.mh.^m.] 

[No.499iL.«96. 

460 

0 

1 

2 

« 

4 

6 

8324 

7 

8 

9 

Piff. 

662758 

2852 

2947 

8(^1 

3135 

8230 

8418 

3612 

8607 

1 

3701 

3795 

3889 

3988 

4078 

4172 

4266 

4800 

4454 

4548 

2 

4642 

47:36 

4830 

49!^ 

5018 

5112 

5^ 

5299 

5893 

5487 

94 

3 

5581 

5675 

5769 

5862 

5956 

6050 

6143 

6287 

6331 

6424 

4 

0518 

6612 

6705 

6799 

6892 

6986 

7079 

7173 

7266 

7360 

5 

7453 

7546 

7640 

7733 

7826 

7920 

8013 

8106 

8199 

3298 

6 

8886 

84^/9 

8572 

8665 

8759 

8852 

3945 

9038 

9131 

9224 

7 

.  9817 

9410 

9508 

9596 

9689 

9782 

9875 

9967 

0060 
0988 

0158 
1080 

93 

8 

070^6 

0339 

0431 

05^ 

0617 

0710 

0802 

0895 

9 

1173 

1265 

1858 

1451 

1543 

1686 

1728 

1821 

1913 

2005 

470 

9098 

2190 

2283 

2375 

2467 

2560 

265^ 

2744 

2836 

2929 

1 

8021 

8113 

8205 

3297 

3890 

8482 

.^574 

8666 

8758 

8850 

2 

8942 

4034 

4126 

4218 

4310 

4402 

4494 

4586 

4677 

4769 

9^ 

8 

4861 

4958 

5045 

5137 

5228 

5320 

5412 

5508 

5595 

5687 

4 

5778 

5870 

5962 

6053 

6145 

,  6236 

6328 

6419 

6511 

66Q2 

5 

6694 

6785 

6876 

6968 

7059 

7151 

7242 

7838 

7424 

7516 

6 

7607 

7698 

7789 

7881 

7972 

.  8063 

8154 

8245 

8^36 

^m 

7 

8618 

8609 

8700 

8791 

8882 

8973 

9064 

9155 

9246 

9337 

9X 

8 

9428 

9519 

9610 

9700 

9791 

9882 

9973 

0063 
0970 

0154 
1060 

0245 
1151 

9 

680386 

0426 

0517 

0607 

0698 

0789 

0879 

480 

1241 

1332 

1422 

1513 

1603 

1693 

1784 

1874 

1964 

2055 

1 

2145 

2235 

2826 

2416 

2506 

2596 

2686 

2777 

2867 

2957 

2 

8^47 

8137 

3227 

3817 

3407 

'  3497 

8587 

8677 

8787 

8857 

90 

3 

3947 

4087 

4127 

4217 

4a07 

4896 

4486 

4576 

4666 

4756 

4 

4845 

4935 

5025 

5114 

5204 

5294 

5383 

5473 

5568 

5652 

6 

5742 

5a31 

5921 

6010 

6100 

6189 

6279 

6368 

6458 

6547 

6 

6686 

6726 

6815 

6904 

6994 

7083 

7172 

7261 

7351 

7440 

7 

7529 

7618 

7707 

7796 

7886 

7975 

8064 

8153 

8^2 

8381 

^ 

8 

8420 

8509 

8598 

8687 

8776 

8865 

8953 

9042 

9131 

9^ 

Q 

9809 

d8()8 

048() 

9575 

9664 

9753 

9841 

9930 

0019 
0905 

0107 
0998 

490 

690196 

Q235 

0373 

0462 

0550 

0689 

0728 

0816 

1 

1081 

1170 

1258 

1347 

1435 

1524 

1612 

1700 

1789 

1877 

2 

1965 

2058 

2142 

2230 

2318  1 

2406 

2494. 

2588 

2671 

2759 

3 

2847 

2935 

3023 

3111 

8199 

8287 

3975 

3463 

3551 

8689 

m 

4 

8727 

8815 

3903 

3991 

4078 

4166 

42^ 

4342 

4480 

4517 

5 

4605 

4693 

4791 

4868 

4956 

5044 

5131 

5219 

5807 

5894 

6 

5482 

56e9 

5657 

5744 

5832 

5919 

6007 

6094 

6182 

6269 

7 

6856 

6444 

QS81 

6618 

6706 

6793 

6880 

6968 

7055 

7X4» 

8 

7229 

7317 

7404 

7491 

7578  ' 

7665 

7752 

7839 

7926 

8014 

A«M 

9 

8100 

8188 

8275 

8862 

8449 

8535 

8622 

8709 

8796  8883 

87 

pKOP<>RTioN.Aii  Parts. 


98 
97 
96 
95 
94 
93 
92 
91 
90 
80 
88 
87 


9.8 
9.7 
9,6 
9.5 
9.4 
9.3 
9.2 
9.1 
9.0 
8.9 
8.8 
8.7 
8.6 


2 


19.6 
19.4 
19.2 
19.0 
18.8 
18.6 
18.4 
18.2 
18.0 
17.8 
17.6 
17.4 
17.2 


8 


29.4 

29.1 

28.8 

28.5 

28.2 

27.9 

27.6 

27.3 

27.0 

26 

26 

26.1 

25.8 


.7 
.4 


89.2 
38.8 
38.4 
38.0 
37.6 
87.2 
36.8 
86.4 
36.0 
35.6 
86.2 
84.8 
84.4 


^9.0 
48.5 
48.0 
47.5 
47.0 
46.5 
46.0 
45.5 
45.0 
44,5 
44.0 
48.5 
43.0 


6 


68.8 
58.2 
57.6 
57.0 
56.4 
56.8 
55.2 
54.6 
54.0 
68.4 
52.8 
52.2 
51.6 


68.6 
67.9 
6.7.2 
66.5 
65.8 
65.1 
64.4 
68.7 
68.0 
62.3 
61.6 
60.9 
60.2 


8 


78.4 
77.6 
76.8 
76.0 
75.2 
74.4 
78.6 
72.8 
72.0 
71.2 
70.4 
69.6 
68.8 


88.2 
87.3 
86.4 
85.5 
84. C 
88.7 
82.8 
81.9 
81.0 
80.1 
79.2 
78.3 
77.4 


TABLE  XXrV. — TiOGARITHMS  OF  NtJMBISRS. 


\ 


No.  500  L.  696.1 


[No.  544L786, 


N. 


500 
1 

2 
3 
4 
5 
6 
7 
8 
9 

510 
1 
2 

8 
4 
5 
6 

7 
8 
9 

520 
1 
2 

8 

4 

5 
6 
7 

8 
9 

580 

1 
2 
8 
4 
5 
6 
7 

8 
9 

540 
1 
2 
8 
4 


698970 
9888 


9057 
9924 


2 


9144 


700704 
1568 
2431 
3291 
4151 
5006 
5864 
6718 

7570 
8421 
9270 


710117 
0963 
1807 
2650 
3491 
4330 
5167 

6003 
6838 
7671 
8502 
9331 


0790 
1654 
2517 
3377 
4236 
5094 
5949 
6803 

7655 
8506 
9355 


0202 
1048 
1892 
2734 
3575 
4414 
5251 

6087 
6921 
7754 
8585 
9414 


720159 
0966 
1811 
2634 
3456 

4276 
5095 
5912 
6727 
7541 
8354 
9165 
9974 


0242 

1068 
1893 
2716 
3538 

4358 
5176 
5993 
6809 
7623 
8435 
9246 


0011 
0877 
1741 
2603 
3463 
4322 
5179 
6035 
6888 

7740 
8591 
9440 


9231 


0287 
1132 
1976 
2818 
3659 
4497 
5335 

6170 
7004 
7887 
8668 
9497 


0325 
1151 
1975 
2798 
3620 

4440 
5258 
6075 
6890 
7704 
8516 
9327 


0055 


730782 

0663 

1589 

1669 

2394 

2474 

8197 

3278 

3999 

4079 

4800 

4880 

6500 

5679 

0136 
0944 
1750 

2665 
3368 
4160 
4960 
57^9 


0098 
0963 
1827 
2689 
3549 
4408 
5265 
6120 
6974 

7826 
8676 
9524 


0371 
1217 
2060 
2902 
3742 
4581 
5418 

6254 
7068 
7920 
8751 
9580 


9317 


0184 
1050 
1913 
2775 
3635 
4494 
5350 
62C6 
7059 

7911 
8761 
9609 


0456 
1301 
2144 
2986 
3826 
4665 
5502 

6337 
7171 
8003 
8834 
9663 


0407 
1233 
2C58 
2881 
3702 

4522 
5340 
•6156 
6972 
7785 
8597 
9406 


0490  I 
1316  ' 
2140  , 
2963  ; 

8784  I 

4604  : 
5422 
6238  ' 
7053  I 
7866 
8678  , 
9489 


0217 
1024 
1830 

2635 
3488 
4240 
5040 
5838 


0298 
1105  I 
1911  I 

2715  I 
3518 
4320 
5120 
5918  I 


6 

6 

7 

9404 

9491 

9578 

0271 

0358 

0444 

1136 

1222 

1309 

1999 

2066 

2172 

2861 

2947 

8033 

3?^1 

3807 

8898 

4579 

4665 

4751 

5436 

5522 

5607 

6291 

6876 

6462 

7144 

7229 

7315 

7996 

8061 

8166 

8846 

8931 

9015 

9694 

9779 

9663 

0540 

0625 

0710 

1385 

1470 

1564 

2229 

2313 

2397 

3070 

3154 

3238 

3910 

3994 

4078 

4749 

4833 

4916 

5586 

5669 

5753 

6421 

6504 

6588 

7254 

7338 

7421 

8086 

8169 

8258 

8917 

9000 

9083 

9745 

9828 

9911 

0573 

0655 

0738 

1396 

1481 

1563 

2222 

2305 

2387 

3045 

3127 

3209 

3866 

8948 

4030 

4685 

4767 

4849 

5503 

5585 

5667 

6320 

6401 

6483 

7134 

7216 

7297 

7948 

6029 

8110 

8759 

8841 

8922 

9570 

9661 

9732 

0378 

0469 

0540 

1186 

1266 

1347 

1991 

2072 

2152 

2796 

2876 

2956 

8696 

8679 

8759 

4400 

4480 

4560 

5200 

6279 

6869 

5996 

6078 

6157 

8 


9664 


9;^1 


0531 
1395 
2258 
8119 
3979 
4837 
5693 
6647 
7400 

8251 
9100 
9948 


0794 
1639 
2461 
3323 
4162 
5000 
5836 

6671 
750i 
8836 
9160 
999'! 


0617 
1482 
2344 
3205 
4065 
4922 
6778 
6632 
7486 

6336 
9186 


Diflf. 


86 


0821 
1646 
2469 
3291 
4112 

49al 
5748 
6664 
7879 
8191 
9008 
9613 

0621 
1426 
2288 

8087 
3839 
4640 
6489 
6237 


0033 
0879 
1723 
2566 
3407 
4246 
6064 
5920 

6754 
7587 
8419 
9248 


0077 
0903 
1728 
2652 
3374 
4194 

5018' 

5630 

6646 

7460 

8273 

9064 

9898 


0702 
1606 
8318 

8117 
8919 
4720 
6519 
6317 


85 


84 


88 


82 


81 


83 


Proportional  Parts. 


Diff. 

1 
8.7 

2 

8 

4 

s 

6 

7 

8 

9 

87 

17.4 

26.1 

34.8 

43.5 

52.2 

60  9 

69.6 

78.8 

86 

8.6 

17.2 

25.8 

34.4 

48.0 

51.6 

60.2 

68.8 

rr.4 

85 

8.5 

17.0 

25.6 

34.0 

42.5 

51.0 

59.5  , 

68.0 

78.5 

84 

8.4 

16.8 

25.2 

88.6 

42.0 

60.4 

68.8  1 

67.8  1 

75.6 

m 


TABLB  XXrV. — LOGARITHMS  OF  NUMBBBS. 


fNo.  545  L.  786.] 


INo.  684  L.  7»7. 


N. 


0    1 

2 

«    4 

660 
1 
2 
8 
4 
6 
6 
7 
8 
9 

660 
1 
2 

8 
4 
5 
6 

7 
8 
9 

570 
1 
2 
3 
4 
6 

•  6 

7 
8 
9 

680 
1 
2 
3 

4 


545  :  736397  ! 

6  7193  I 

7  7987 

8  8781 

9  9572 


740363 
1152 
1939 
2726 
3510 
4293 
5075 
5855 
6634 
7412 

8188 
8968 
9736 


6476  '  6556 
TOTS  7352 
8067  8146 


750508 
1279 
2048 
2816 
3588 
4348 
5112 

5875 
6686 
7306 
8156 
8912 
9668 


760422 
1176 
1928 
2679 

8428 
4176 
4923 
5669 
6413 


8860 
9651 


8a39 
9731 


0412  , 

1280  I 

2018  ' 

2804  ; 

3588  ; 

4371  I 

5153  ! 
5933 
6712 

7489  I 


0521 
1309 
2096 
2882 
3867 
4449 
5231 
6011 
6790 
7567 


8266  '  8813 
9010  9118 
9814  9891 


6635  '  6n5  i  6795 
7481  ,7511   7590 


8225 

9018 
9810 


8305 
9097 
9889 


0600 
1388 
2175 
2961 
3745 
4528 
5300 
6069 
6868 
7645 

8421 
9195 
9968 


0678 
1467 
2264 
8089 
3823 
4606 
5387 
6167 
6945 
7722 

8498 
9272 


8384 
9177 
9968 


0686 

0663 

1356 

1433 

2125 

2202 

2803 

29ro 

3660 

3736 

4425 

4501 

5180 

5265 

5951 

6027 

6712 

6788 

74TO 

7548 

8280 

8306 

8088 

9068 

9748 

9819 

0496 

0673 

1251 

1326 

2003 

2078 

2754 

2829 

3503 

8578 

4251 

4326 

4998 

5072 

5748 

5818 

6487 

6562 

0740'; 

1510  : 

2279 

3047 

8813 

4578 

5841 

6103 
6864 
7624 
8882 
9139 
9894 


0045 
0617 
1587 
2356 
3123 
8889 
4664 
5417 

6180 
6940 
7700 
8458 
9214 
9970 


0649 
1402 
2153 
2904 

8653 
4400 
5147 
5892 
6636 


0724 
1477 
2228 

2978 

3727 
4475 
5221 
5966 
6710 


0757 
1546 
2882 
3118 
3902 
4684 
5465 
6245 
7023 
7800 


6874 
7670 
8463 
9256 


0047 

0886 
1624 
2411 
8196 
3980 
4762 
5543 
6328 
7101 
i  7878 

8576  8653 
9850  9427 


0123 
0894 
16(i4 
2438 
8200 
8966 
4780 
5494 

6256 
7016 
7775 
8533 
9290 


0200 
0971 
1741 
2500 
3277 
4042 
4807 
5670 

6332 
7092 
7851 
8609 
9866 


8 


6954 
7749 
8543 
9885 


7034  7113 

7829  I  7908 
8622  8701 
^14  I  9493 


0206  0281 

0994  1073 
1782  1860 


0126 

0915 
1703 
2489 
3275 
4058 
4840 
5621 
6401 
7179 
7956 

8781  I  8808  I  8886 
9504  .  9582  I  9659 


2568 
3353 
4136 
4919 
5699 
6479 
7256 


2647 
8481 
4215 
4997 
5777 
6566 
7834 


8033  8110 


0277  I 
1048  I 
1818  , 
2586  i 
3353  I 
4119  I 
4888  ' 
5646 

6406 
7168 


0481 
1202 
1972 
2740 
8506 
4272 
5086 
5722  5799 


0354 
1125 
1896 
2663 
3480 
4195 
4960 


6484 
?244 
7927  '  8003 
8685  [  8761 
9441  I  9517 


0046 

0121 

0196 

0799 

0875 

0950 

1552 

1627 

1702 

2303 

2378 

2453 

3063 

3126 

3203 

8802 

8877 

3952 

4550 

4624 

4699 

5296 

5870 

5445 

6041 

6115 

6190 

6785 

6859 

6983 

0278 
1025 
1778 
2529 

3278 

4027 
4774 
6520 
6264 
7007 


6560 
7820 
8079 
8836 
9692 


0847 
1101 
1863 
2604 
3863 

4101 
4848 
5594 
6338 
7082 


Proportional  PartSw 


Dili. 

1 

2 

8 
^.9 

4 

5 

6 

7 

8 

9 

88 

8.3 

16.6 

83.2 

41.6 

49.8 

58.1 

66.4 

74.7 

82 

8.2 

16.4 

24.6 

32.8 

41.0 

49.2 

57.4 

65.6 

73.8 

81 

8.1 

16.2 

24.3 

32.4 

40.5 

48.6 

56.7 

64.8 

72.9 

80 

8.0 

18.0 

24.0 

82.0 

40.0 

48.0 

56.0 

64.0 

72.0 

79 

7.9 

15.8 

28.7 

81.6 

39.5 

47.4 

55.3 

63.2 

71.1 

78 

7.8 

15.6 

28.4 

31.2 

39.0 

46.8 

54.6 

62.4 

70.2 

77 

7.7 

15.4 

23.1 

80.0 

88.5 

46.2 

53.9 

61.6 

69.3 

76 

7.6 

15.2 

22.8 

80.4 

38.0 

45.6 

53.2 

00.8 

68.4 

76 

7.5 

15.0 

22.5 

30.0 

37.5 

45.0 

52.5 

60.0 

67.5 

74 

7.4 

14.8 

22.2 

20.0 

37.0 

44.4 

51.8 

50.2 

66.6 

848 


•«»j 


TABLB  XXnr. — ^LOGABITHHS  OF  NI7MB1BB& 


No.  686  L.  707.] 


[No.  020  L.  799] 


8 
4 
5 
6 

7 
8 
9 

610 
1 
2 
8 
4 
6 
6 

7 
8 
9 

620 
1 
2 
8 
4 
6 
6 
7 
8 
9 


N. 

• 

565 

767160 

6 

7896 

7 

8686 

8 

9877 

9 

770116 

690 

0602 

1 

1567 

2 

2822 

8 

8066 

4 

8786 

5 

4617 

6 

5246 

7 

5074 

8 

6701 

9 

7427 

600 

8161 

1 

8874 

2 

9596 

2 


H 


7280 
7972 
8712 


7804  !  7879 


6046 
8786 


9451   9625 


8120 
'8860 
9599 


7458 
8194 
8034 
9673 


0189 

0926 
1661 
2896 
8126 
8860 
4590 
6819 
6047 
6774 
7499 

6224 

8947 
9669 


780317 
1037 
1756 
2473 
3189 
8904 
4617 

5880 
6041 
6751 
7460 
6168 
8875 
9581 


790285 
0968 
1691 


0889 
1109 
1827 
2544 
8260 
8975 
4689 

5401 
6112 
6822 
7531 
8289 
8946 
9651 


0356 
1059 
1761 


2892  2462 
8092  3162 


3790 
4468 
5186 


3860 
4556 
5254 


6880  5949 

6574  6644 

7268  7337 

7960  8029 


6651 


8?^ 


0263 

0999 
1784 
2466 
8201 
3983 
4663 
5892 
6120 
6846 
7572 

6296 
9019 
9741 


0461 
1181 
1899 
2616 
3332 
4046 
4760 

6472 
6183 


7602 
8310 
9016 
9722 


0426 
1129 
1881 

2582 
3281 
3930 
4627 
6324 
6019 
6713 
7406 
8098 
8789 


0386 

1073 
1806 
2542 
8274 
4006 
4786 
5466 
6193 
6919 
7644 

6366 
9091 
9813 


0533 
1253 
1971 
2668 
3403 
4118 
4831 

5543 
6254 
69&1 

76ra 

6381 
9087 
9792 


0410 

1146 
1881 
2615 
8848 
4079 
4809 
5536 
6266 
6992 
7717 

8441 
9168 

9885 


0496 
1199 
1901 

2602 
3801 
4000 
4697 
6393 
6088 
6782 
7475 
8167 
8858 


0605 
1324 
2042 
2759 
8475 
4189 
4902 

6616 
6325 
7035 
7744 
8451 
9157 
9663 


0567 
1269 
1971 

2672 
3371 
4070 
4767 
6463 
6158 
6852 
7545 
8236 
8927 


6 


I  7527  I  7601 

I  8268  !  6842 

I  9006  ;  9062 

9746  I  9620 


I  0484 

1220 

I  1955 

'  2668 

8421 

4152 

,  4662 

i  5610 

6338 

7064 

I  7789 

6513 
9236 
9957 

I  0677 
I  1396 
2114 
2831 
I  3546 
4261 
4974 

6686 
I  6396 

7106 
I  7815 

8522 

9228 
I  9933 

0637 
I  1340 
'  2041 

2742 
3441 

I  4139 
4836  I 
5532 
6227  I 

'  6921  I 
7614 
8305  I 

'  8996  ' 


0557 

,  1298 
2028 
2762 
8494 
4226 
4955 
6663 
6411 
7137 
7862 

6565 
9306 


8 


7675 
6416 
9156 
9694 


7749  ;  7B28 

8490  I  8564 

9280  ,  9808 
9966 


Diff. 


74 


0631 

1867 
2102 
2885 
8567 
4296 
5026 
5756 
6488 
7209 
7984 

8656 
9360 


0705 

1440 
2175 
2906 
8640 
4871 
5100 
6629 
6666 
7262 
6006 

8780 
9452 


0029 
"0749 
1468 
2186 
2902 
3618 
4332 
5045 

6757 
6467 
7177 
7885 
6593 
9299 


0004 
0^07 
1410 
2111 

2812 
8511 
4200 
4906 
5602 
6297 
6990 
7683 
8Ji74 
9065 


0101 
0621 
1540 
2258 
2974 
8689 
4403 
5116 

5828 
6588 
7248 
7956 
8663 


0178 
0698 
1612 
2329 
8046 
8761 
4475 
6187 

6899 
6609 
7319 
8027 
6784 


9869  9440 


0074  0144 
0778  I  0648 


1460 
2161 

2862 

3561 

4279 

4976 

5678 

6366  ' 

7060  ' 

7752 

8443 

9134 


1660 
2262 

2952 
3651 
4849 
5046 
5741 
&486 
7129 
7821 
8513 
9203 


0042 
0778 

1614 
2248 
-8981 
8718 
4444 
6178 
5902 
6629 
7854 
8079 

8602 
9624 


0245 
0065 

1684 
9401 
8117 
8682 
4546 
6260 

6970 
6680 
7890 
oU8o 
6604 
9610 


0215 
0916 
1620 
2822 


8731 
4418 
5115 
5611 
6506 
7196 
7890 
6582 
9272 


73 


72 


71 


70 


60 


Proportional  Parts. 


Diflf. 

1 

2 
15.0 

3 

4 

6 

6 

7 

6 

9 

75 

7.5 

22.5 

30.0 

37.5 

45.0 

62.5 

60.0 

67.6 

74 

7.4 

14.8 

22.2 

29.6 

37.0 

44.4 

51.8 

59.2 

66.6 

78 

7.8 

14.6 

21.9 

29.2 

86.6 

48.8 

61.1 

58.4 

66.7 

72 

7.2 

14.4 

21.6 

26.8 

86.0 

43.2 

60.4 

67.6 

64.8 

71 

7.1 

14.2 

21.8 

28.4 

35.5 

42.6 

40.7 

66.8 

68.9 

70 

7.0 

14.0 

21.0 

28.0 

35.0 

42.0 

^.0 

66.0 

68.0 

69 

6.9 

18.8 

20.7 

27.6 

84.6 

41.4 

46.8 

6S.8 

tt.l 

.849 


i 


Pewportional  Pah 


In 


TABLE   XXTV. — ^LOGARTTHMS   OF   NTTTkTBERS. 


No.  675  L.  829.1 


[No.  719  L.  '157 


N. 


675 
6 

7 
8 
9 

S80 
1 
2 
3 
4 
5 
6 
7 
8 
9 

690 
1 

2 
8 
4 
5 
6 
7 
8 
9 

700 
1 
2 
8 
4 
5 
6 
7 


2 


6 


829304 
9947 


9368  9432  ;  9497  9561  :  9625  !  9690 


7 


830589 
1230 
1870 

2609 
3147 
3784 
4421 
5066 
5691 
6324 
6057 
7588 
8219 

8849 
9178 


840106 
0788 
1359 
1966 
2609 
3238 
8855 
4477 

5098 
5718 
6887 
6956 
7578 
8189 
8806 
9419 


8  I  860083 

9  0616 


710 
1 
2 
3 
4 
5 
6 
7 

8  i 

9  I 


1258 
1870 
2480 
3090 
3698 
4306 
4913 
5519 
6124 
6729 


0011  0075 
0663  0717 


1294 
1934 

2573 
3211 
3848 
4484 
5120 
5754 
6387 
7020 
7652 


1358 
1998 

2637 
3275 
3912 
4548 
5188 
5817 
6451 
7088 
7715 


0139  0204  ,  0268 

0781  0845  0909 

1422  ,   1486  <  1550 

2062  ;  2126  i  2189 


8282 

8345 

8912 

8975 

9541 

9604 

0169 

0232 

0796 

0859 

1422 

1485 

2047 

2110 

2672 

2784 

3295 

3857 

3918 

3980 

4539 

4601 

5160 

5222 

5780 

5842 

689!) 

6461 

7017 

7079 

7634 

7696 

8251 

8312 

8866 

8928 

9481 

9642 

2700 
3338 
3975 
4611 
5847 
5881 
6514 
7146 
7778 
8406 

9088 
9667 


0095 
0707 

1320 
1931 
2541 
3150 
3759 
4867 
4974 
5580 
6185 
6789 


0156 
0769 

1881 
1992 
2«02 
3211 
3820 
4428 
5034 
5640 
6245 
6850 


0294 
0921 
1547 
2172 
2796 
3420 
4042 
4664 

5284 
5904 
6528 
7141 

7758 
8374 
8989 
9604 

0217 
0830 

1442 
2053 
2663 
3272 
«881 
4488 
5095 
5701 
6306 
6910  I 


2764 
3402 
4039 
4675 
5310 
6944 
6677 
7210 
7841 
8471 

9101 
9729 


0357 
0984 
1610 
2235 
2859 
3482 
4104 
4726 

5346 
6966 
6585 
7202 
7819 
8435 
9051 
9665 

0279 
0891 

1503 
2114 
2724 
8333 
3941 
4549 
5156 
5761 
6366 
6970 


2828 
3466 
4103 
4739 
5378 
6007 
6641 
7278 
7904 
8534 

9164 
9792 


0332 
0973 
1614 
2253 

2892 
3580 
4166 
4802 
5437 
6071 
6704 
7336 
7967 
8697 

9227 
9665 


9754 

0396 
1037 
1678 
2317 

2966 
3593 
4280 
4866 
5600 
6184 
6767 
7899 
8080 
8660 

9289 
9918 


8 


9818  9883 


0460  :  0525 
1102  !  1166  I 
1742  1806 


2381 

8020 
3657 
4294 
4929 
5564 
6197 
6830 
7462 
8093 
8723 

9352 

9981 


64 


2445 

3063 

8721 

4357 

4998  i 

6627 

6261 

6694 

7525  i 

8156  ' 

8786 

9415 


03 


0420 
1046 
1672 
2297 
I  2921 
3544 
4166 
4788 

5408 
6028 
6646 
7264 
7881 
8497 
9112 
9726 


0482 
1109 
1736 
2860 
2988 
8606 
4229 
4850 

5470 
6090 
6708 
7326 
7943 
8559 
9174 
9788 


0545  0606 

1172  I  1234 

1797  i  1860 

2422  I  2484 

3046  I  3108 

8669  i  8731 

4291  i  4358 

4912  4974 

5582  5694 

6151  •  6213 

6770  6832 

7388  ;  7449 

8004  8066 

8620  I  8682 

9235  9297 

9849  9911 


:  0043 
I  0671 
I  1297 
!  1922 
'  2547 
I  3170 
I  3793 
I  4415 
I  5036 

I  6666 
I  6275 
6694 
7511 
8126 
8748 
9866 
9972 


0340 

0401 

0952 

1014 

1564 

1625 

2175 

2286 

2785 

2846 

3394 

3455 

4002 

4063 

4610 

4670 

5216 

5277 

5822 

5882 

6427 

6487 

7081 

7091 

0462 
1075 


1686  ; 
2297  ' 
2907  < 
3516  , 
4124 
4781  i 
5387 
5948 
6548 
7152 


0624 
1136 

1747 
2858 
2968 
8577 
4185 
4792 
6896 
6008 
6606 
7212 


0666 
1197 

1809 
3419 
8029 
8687 
«M6 
4852 
5459 
6064 

AAAfi 
DuOO 

?272 


61 


Proportional  Parts. 


Diff. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

65 

6.5 

18.0 

19.5 

26.0 

82.5 

39.0 

45.6 

6S.0 

66.6 

64 

6.4 

12.8 

19.2 

26.6 

82.0  . 

88.4 

44.8 

51.8 

97.6 

m 

6.8 

12.6 

18.9 

25.2 

81.6 

87.8 

44.1 

60.4 

68.7 

62 

6.2 

12.4 

18.6 

24.8 

81.0 

87.2 

48.4 

4Q.6 

66.8 

61 

6.1 

12.2 

18.3 

24.4 

80.6 

86.6 

42.7 

48.8 

64.9 

60 

6.0 

12.0 

18.0 

24.0 

goo 

86.0 

42.0 

48.0 

64.0 

VU4 


1^ 


TABLE  XXIV. — LOGARITHMS  OP  NUMB&KS. 


fo.  720  L.  857.1 


[No.  764  L.  883. 


N. 

rao 

1 

2 

3 

4 

5 
6 
7 
8 
9 

730 
1 
2 
3 
4 
5 
6 
7 
8 
9 

740 

1 

0 

1 

% 

S 

4 

ft 

!  7634 

8286 
8838 
9439 

6 

7 

8 

9 

Diff. 

867832 
7935 
8537 
9138 
9739 

7893 
7996 
8597 
9196 
9799 

!  7453 
8056 
8657 
9258 
9859 

7513 
8116 
8718 
9318 
9918 

7574 
8176 
8778 
9379 
9978 

7694 
8297 
8896 
9499 

7755 

8357 
8958 
9559 

7815 
8417 
9018 
9619 

7876 
8477 
9078 
9679 

60 

0038 
0637 
123^ 
1838 
2430 
8025 

3620 
4214 
4808 
5400 
5992 
6583 
7173 
7762 
8860 
8938 

9525 

0098 
0697 
1295 
1893 
2489 
3085 

8680 
4274 
4867 
5459 
6051 
G642 
7282 
7821 
8409 
8997 

9584 

0168 
0757 
1355 
1952 
2549 
3114 

8739 
4333 
4926 
5519 
6110 
6701 
7291 
7880 
8468 
9056 

9642 

0218 
0817 
1415 
2012 
2606 
3204 

8799 
4392 
4986 
5578 
6169 
6760 
7350 
7989 
8527 
9114 

9701 

0278 
0877 
1475 
2072 
2668 
3263 

3858 
4452 
5045 
5637 
6228 
6819 
7409 
7996 
8586 
91  <8 

9760 

860838 
0937 
1534 
2131 
2728 

8323 

8917 
4511 
5104 
5696 
6287 
6878 
7467 
8056 
8644 

9232 

9818 

0896 
0996 
1594 
2191 

2787 

3382 
8977 
4570 
5163 
5765 
6346 
6937 
7526 
8115 
8703 

9290 
9877 

0458 
1056 
1654 
2251 

2847 

8442 
4086 
4630 
5222 
5814 
6405 
6996 
7585 
8174 
8762 

9349 
9935 

0518 
1116 
1714 
2310 
2906 

3501 
4096 
4689 
5282 
5874 
6465 
7055 
7644 
8233 
8821 

9406 
9994 

0579 
1164 
1748 
2331 
2913 
3495 
4076 
4656 

5285 
5813 
6391 
6968 
7544 
8119 
8694 
9268 
9841 

0578 
1176 
1778 
2370 
2966 

3561 
4155 
4748 
5341 
5983 
6524 
7114 
7708 
8292 
8879 

9466 

50 

0053 
0688 
1223 
1806 
2389 
2972 
3553 
4134 
4714 

5298 
5871 
6449 
7026 
'7602 
8177 
8752 
9825 
9898 

0111 
0696 
1281 
1865 
2448 
3030 
3611 
4192 
4772 

5351 

,  5929 

,  6507 

7063 

7659 

82^ 

8809 

9383 

!  9956 

0170 
0755 
1339 
1923 
2506 
3088 
3669 
4250 
4880 

5409 
5987 
6564 
7141 
7717 
8292 
8866 
9440 

0228 
0813 
1398 
1981 
2564 
8146 
3727 
4308 
4888 

5466 
6045 
6622 
7199 

7774 
8849 
8924 
9497 

0287 
0872 
1456 
2040 
2622 
3204 
3785 
4366 
4945 

5524 
6102 
6680 
7256 
7882 
8407 
8981 
9555 

0845 
0930 
1515 
2008 
2681 
8262 
3844 
4424 
5003 

5582 
6160 
6737 
7314 
7889 
8464 
9039 
9612 

2 
8 

4 
5 
6 
7 
8 
9 

750 
1 
2 
8 
4 
5 
6 
7 

8 

1 

870404 
0989 
1573 
2156 
2739 
3821 
8902 
4482 

5061 
5(V40 
6218 
6795 
7371 
7JW7 
8522 
9096 
9669 

0462 
1047 
1631 
2215 
2797 
3379 
3960 
4540 

5119 
6698 
6276 
6853 
7429 
8004 
8579 
9153 
9726 

0521 
1106 
1690 
2273 
2855 
3437 
4018 
4598 

5177 
5756 
6333 
6910 
7487 
8062 
8637 
9211 
9784 

58 

0013 
0585 

1156 
1727 
2297 
2866 
3434 

0070 
0642 

1213 
1784 
2354 
2923 
3491 

0127 
0699 

1271 
1841 
2411 
2980 
3548 

01*5 
0756 

1328 
1898 
2468 
8037 
3606 

9 

760 
1 
2 
8 
4 

880242 

0814 
1385 
1955 
2525 
3093 

0299 

0871 
1442 
2012 
2581 
3150 

0356 

0928 
1499 
2069 
2638 
82C7 

0413 

0965 
1556 
2126 
2695 
32&4 

0471 

1042 
1613 
2183 
2752 
3321 

0528 

1099 
1670 
2240 
2809 
3377 

67 

Proportional  Parts. 


Diff. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

59 

5.9 

11.8 

17.7 

23.6 

29.5 

a5.4 

41.3 

47.2 

53.1 

58 

5.8 

11.6 

17.4 

23.2 

29.0 

34.8 

40.6 

46.4 

52.  rf 

57 

5.7 

11.4 

17.1 

22.8 

28.5 

M.2 

39.9 

45.6 

51.3 

56 

5.6 

11. a 

16.8 

22.4 

28.0 

as. 6 

39.2 

44.8 

50.4 

352 


/ 


TASLE  XXTV. — ^I^OGAHITHMS   OF   KUMBBIIS. 


No.765L.«88.] 

[|fo.>809L.908tP 

N. 
765 

0 

1 

2 

S 

4 

6 

• 

7 

Diff. 

889661 

3718 

3776 

3882 

Qfifift 
oooo 

9946 

4002 

4069 

4115 

4172 

6 

4229 

4285 

4342 

4899 

4456 

4612 

4660 

4625 

4682 

4789 

•  7 

4*^96 

4852 

4909 

4966 

5022 

5078 

5ia5 

5192 

5248 

5806 

.« 

5861 

5418 

5474 

5581 

5687 

5644 

5700 

6767 

5818  Smo 

9 

5926 

5983 

6039 

6096 

6152 

6209 

6266 

6821 

6878 

6484 

770 

6491 

6547 

6604 

6660 

6716 

6773 

6829 

6885 

6942 

6996 

1 

7064 

7111 

7167 

7223 

7280 

7336 

7392 

7449 

7505 

7561 

2 

7617 

7674 

7730 

7786 

7842 

7898 

7955 

8011 

8067 

8123 

3 

8179 

8236 

8292 

8348 

8404 

8460 

8516 

a578 

8629 

8685 

4 

8741 

8797 

8858 

8909 

8965 

9021 

9077 

9184 

9190 

9@46 

5 

9302 

9358 

9414 

9470 

9526 

9582 

9638 

9694 

9750 

9806 

56 

6 

9862 

9918 

0974 

0080 
0589 

6086 
0645 

0141 
0700 

0197 
0756 

0268 
0812 

0809 
0868 

0865 
0924 

7 

890421 

0477 

0588 

8 

0980 

1035 

1091 

1147 

1208 

1259 

1814 

1870 

1426 

1482 

9 

1537 

1593 

1649 

1705 

1760 

1816 

1872 

1928 

1988 

3089 

790 

2095 

2150 

2206 

2262 

2317 

2373 

2429 

2484 

2540 

2596 

1 

2651 

2707 

2762 

2818 

2873 

2929 

2985 

8040 

8096 ;  ai&i 

2 

8207 

8262 

8818 

8873 

3429 

3484 

3540 

3595 

8651 

8706 

3 

8762 

8817 

8878 

8928 

8984 

4039 

4094 

4150 

4206 

4261 

4 

4;^16 

4371 

4427 

4482 

4538 

4593 

4648 

4704 

4769 

4814 

5 

4870 

4925 

4980 

6086 

5091 

5146 

6201 

5257 

9812 

6867 

6 

5423 

5478 

5533 

5588 

5644 

5699 

6754 

5809 

5864 

6920 

7 

5975 

6080 

6085 

6140 

6195 

6251 

6306 

6861 

6416 

6471 

8 

6526 

6581 

6686 

6692 

6747 

6802 

6857 

6912 

6967 

7022 

9 

7077 

7182 

7187 

7242 

7297 

7852 

7407 

7462 

7617 

7BT2 

55 

790 

7627 

7682 

7737 

7792 

7847 

7902 

7057 

8012 

8067 

8122 

1 

8176 

8231 

8286 

8841 

8896 

8451 

8d06 

8561 

8615 

8670 

2 

8725 

8780 

8835 

8890 

8944 

8999 

9054 

9109 

9164 

9218 

3 

9273 

9828 

9383 

9437 

9492 

9547 

96Qg 

9666 

9711 

0766 

4 

9821 

9875 

9930 

9985 

0039 
0586 

0094 
0640 

0149 
0695 

0203 
0749 

09!ifi    AQIO 

5 

900667 

0422 

0476 

OSS?. 

0804- 

0869 

6 

0918 

0968 

1022 

1077 

1181 

1  1186 

1240 

1295 

1849 

1404 

7 

1458 

1513 

1567 

1622 

1676 

1731 

1785 

1840 

1894 

1948 

8 

2003 

2057 

2112 

2166 

2221 

'  2275 

2829 

2884 

2488 

2492 

9 

2517 

2601 

2655 

2710 

2764 

2818 

8873  !  2927 

2981 

9086 

800 

8090 

3144 

8199 

8253 

3807 

8361 

8416  '  8470 

8624 

3578 

1 

8633 

8687 

8741 

8795 

8849 

8904 

8958 

4012 

4066 

4120 

2 

4174 

4229 

4283 

4337 

4391 

4445 

4499 

4553 

4607 

4661 

3 

4716 

4770 

4824 

4878 

4932 

4986 

.6040 

5094 

6148  6202 

54 

4 

5256 

5810 

5364 

5418 

M72 

5526 

5580 

5634 

5688 

6742 

5 

5796 

5K50 

5904 

5958 

6012 

6066 

6119 

6173 

6227 

6281 

6 

6385 

6389 

6443 

6497 

6551 

6604 

6658 

6712 

6766 

6820 

7 

6874 

6927 

6981 

7085 

7080 

714;^ 

7196 

7250 

7804 

7858 

8 

7411 

7465 

7519 

7573 

7626 

7680 

7784 

7787 

7841 

7H05 

9 

7949 

8002 

8056 

8110 

8163 

8217 

8270  8824 

8878 

8481 

Peo] 

PORTIO: 

NAL  Fa 

ATS. 

Diff. 

1 

2 

8 

4 

5 

i     6 

1 

7 

8 
45.6 

9 

57 

5.7 

11.4    17 

.1 

22.8 

28.5 

at. 2 

3? 

).9 

51.3 

56 

5.6 

11.2    1(5 

.8 

a2.4 

28.0 

m.C) 

31 

).2 

44.8 

50.4 

55 

5.5 

11.0 

16 

.5 

22.0 

27.5 

33.0 

» 

i.5 

44.0 

49.5 

54 

5.4 

10.8 

10 

.2 

21.6 

27.0 

32.4 

31 

-.8 

43.2 

48.6 

3.V3 


TABLE  XXrV. — ^T.OGARinCMS  OF  NUMBBUft, 


Bo.  810  L.  908.] 

[l$au  854  L.  931 

N. 

810 

0 

1 

S 

S 

4 

ft 

• 

V 

8 

9 

Diff. 

908486 

8539 

8603 

8646 

8099   SiTiS 

8807 

8860 

8914 

8967 

1 

9oei 

9074 

9128 

9181 

9285   9289 

9842 

9896 

9449 

9508 

2 

955« 

9610 

9668 

9n6 

9770   9828 

9877 

9980 

9984 

i-kncwM 

8 

910091 

0144 

0197 

0251 

0804  1  0858 

0411 

0464 

UUffr 

0618  0571 

4 

06ti4 

0678 

0731 

0784 

0838  .  0891 

0944 

0998 

1051 

1104 

5 

1158 

1211 

1264 

1817 

1371 

1424 

1477 

1530 

1584 

1687 

. 

6 

1690 

1748 

1797 

1850 

X903 

1956 

2009 

2068 

2116 

2169 

7 

2222 

2275 

2328 

2881 

2435 

2488 

2541 

2594 

2647 

2700 

8 

2753 

2806 

2859 

2913 

2966 

8U19 

8072 

8125 

3178 

8281 

9 

3284 

3337 

3390 

3443 

8496 

8549 

8602 

8655 

3708 

3761 

53 

890 

8814 

8867 

8920 

3973 

4026 

4079 

4132 

4184 

4287 

4290 

1  i   4343 

4896 

4449 

4602 

4556 

4608 

4660 

4713 

4766 

4819 

2 

4872 

4925 

4977 

5080 

5088 

5186 

5189. 

5241 

5294 

5847 

3 

5400 

6453 

5505 

5558 

6611 

5664 

671«< 

5769 

5822 

5875 

4 

6927 

5980 

6033 

6085 

6138   6191 

6243 

6296 

6349 

6401 

5 

6454 

6507 

6559 

6612 

6664  i{  6717 

6770 

(822 

6875 

6927 

6 

6980 

7003 

7085. 

7188 

7190   7243 

7295 

7848 

7400 

7458 

7 

7506 

7558  i  7611 

7668 

7716   7768 

7820 

7873 

7925 

7978 

8 

8030 

8083 

8135 

8188 

8240 

8298 

8845 

8897 

8450 

8502 

9 

8555 

8607 

8659 

8712 

8764 

1  8816 

8869 

6921 

897B 

9026 

830 

9078 

91S0 

9188 

9285 

9287 

1  9840 

9892 

QAAA 

9496 

9549 

1 

9601 

9638 

9706 

9758 

9810  .;  9862 

9914 

9967 

2 

920123 

0176 

0226 

0280 

0332 

0884 

0486 

0489 

0019 
0541 

0071 
0598 

3 

0646 

0697 

0749 

0801 

0853 

0906 

0958 

1010 

1062 

1114 

52 

4 

1166 

1218 

1270 

1322 

1374 

1426 

1478 

1530 

1582 

1634 

5 

1686 

1738  1  1790 

1842 

1894  1  1946 

1998 

2050 

2102 

2154 

6 

2206 

2258 

2810 

2362 

2414 

2466 

2518 

2570 

2622 

2674 

7 

2725 

2777 

2829 

28ftl 

2933 

2f>e5 

3037 

8089 

8140 

3192 

8 

3244 

8296 

a348 

3399 

3451 

8503 

3555 

3607 

3658 

3710 

9 

8762 

8814 

8865 

3917 

3969 

4021 

4072 

4124 

4176 

4228 

810 

4279 

4S81 

4883 

44^ 

4486 

4588 

4589 

4641 

4693 

4744 

1 

4796 

4848 

4899 

4951 

5008 

5054 

5106 

5157 

5209 

5261 

2 

5812 

5364 

5415 

5467 

5518 

5570 

5621 

5673 

5725 

5776 

3 

6828 

5879 

5981 

5982 

6034 

6085 

6187 

6188 

6»40 

6291 

4 

6342. 

6394 

6445 

6497 

6548 

6600 

6651 

6702 

6754 

6805 

5 

6857 

6908 

6959 

7011 

7062 

'  7114 

7165 

7216 

7268 

7819 

fi 

7370 

7422 

747^ 

7524 

7576 

1  7627 

7678 

7730 

7781 

7882 

7 

7883 

7985 

7986 

8087 

8088 

1  8140 

8191 

8242 

8293 

8845 

8 

8396 

8447 

8498 

8549 

8601 

8652 

8703 

8754 

8805 

8857 

9 

8906 

8959 

9010 

9061 

9112 

9193 

9215 

9266 

9317 

9368 

860 

9419 

9470  9521 

9572 

9628 

,  9674 

9725 

9776 

9827 

9879 

1 

9980 

9981 

51 

(m2 

0083 

0134 

1  0185 

0236 

0287 

a338 

0889 

2  930440 

0491 

0542 

0592 

0648 

0694 

0745 

0796 

0847 

0898 

3    0949 

1000 

1051 

1102 

1153 

1204 

1254 

1305 

1356 

1407 

4 

1458 

1509  1560 

1610 

1661 

1  1712 

1763 

1814 

1865 

1915 

m 

Proi 

>dBTIONAL  Pa 

BTS. 

Wflf, 

1 

2 

3 

4 

5 

6 

7 

..  8 

9 

58 

5.3 

10.6 

15. 

9 

S 

n.2    • 

20.5 

31.8 

37 

.1 

42.4 

47.7 

58 

5.2 

10.4 

15. 

6 

J 

JO. 8 

26.0 

31.2 

36 

.4 

41.6 

46.8 

51 

5.1 

10.2 

15. 

3 

i 

10.4 

2:>.5 

30.6 

a5 

.7 

40.8 

45.9 

5U 

5.0 

10.0 

15. 

0 

i 

lO.O 

25.0 

30.0 

35 

.0 

40.0 

46.0 

«> 

>i 

TABLE  XXrV. — LOGARITHMS  OP  NtTMBERS. 


No. 

N. 
855 

865  L.  931.1 

— ^ «. 

[No.  890  L.  964.1 

0 

1 

2 

S 

4 

1 

6 

7 

8 

» 

Diff. 

981966 

2017 

2068 

2118 

2169 

2220 

2271 

2822 

2872 

2428 

6 

i   2474 

2624 

2575 

2626 

2677 

2727 

2778 

2829 

2879 

2980 

7 

1   2981 

8081 

3082 

8183 

3188 

1  8234 

8285 

8386 

8386 

8487 

8 

1   3487 

3538 

3589 

3639 

8690 

8740 

8791 

3841 

8892 

8948 

0 

8993 

4044 

4094 

4145 

4195 

4246 

1 

4296 

4347 

4897 

4448 

860 

4498 

4549 

4599 

4650 

4700 

,  4751 

4801 

4852 

4902 

4963 

1 

5U03 

5064 

5104 

5154 

5205 

5256 

5306 

5356 

6406 

6457 

2 

5507 

5558 

5606 

5658 

5709 

5769 

5809 

6860 

5910 

5960 

8 

6011 

6061 

6111 

6162 

6212 

6262 

6313 

6363 

6413 

6468 

4 

6514 

6564 

6614 

6665 

6715 

6765 

6815 

6866 

6916 

6966 

5 

,   7016 

7066 

7116 

7167 

7217 

7287 

7317 

ra67 

7418  i  7468 

6 

:   7518 

7568 

7618 

7668 

m8 

;  7769 

7819 

7869 

7919 

7969 

50 

7 

8019 

8069 

8119 

8169 

8219 

8269 

8320 

8870 

8420 

8470 

8 

1   8530 

8570 

8620 

8670 

8720 

8770 

8820 

8870 

8920 

8970 

9 

9020 

9070 

9120 

9170 

9220 

9270 

9320 

9369 

9419 

9469 

870 
1 

9519 

9569 

9619 

9669 

9719 

9769 

9619 

9869 

9918 

9968 

940018 

0068  0118 

0168 

0218 

1  0B67 

0317 

0367 

0417  !  0467 

2 

0516 

0566  0616 

0666 

0716 

1  0766 

0815 

0866 

0915 

0964 

3 

,   1014 

1064 

1114 

1163 

1218 

1268 

1313 

1362 

1412 

1462 

4 

1511 

1561 

1611 

1660 

1710 

1760 

1809  ' 

1859 

1909 

1958 

5 

2008 

2058 

2107 

2157 

2207 

2256 

2306 

2365 

2405 

2456 

6 

2504 

2054 

2603 

2653 

2702 

1  2752 

2801 

2861 

2901 

2950 

7 

3000 

3049 

3099 

8148 

3198 

3247 

3297 

3346 

8896 

8445 

8 

'   3495 

3544 

3598 

3643 

8692 

;  3742 

3791 

3841 

8890 

8989 

9 

'   3989 

4038 

4088 

4187 

4186 

4236 

4285 

4886 

4884 

4438 

880 

4483 

4532  4581 

4631 

4680 

47^ 

4779 

4828 

4877 

4927 

1 

4976 

5025  1  5074 

5124 

5173 

'  5222 

5272 

6821 

6370 

5419 

2 

5469 

5518  5567 

5616 

5665 

5715 

5764 

6818 

6862 

6912 

S 

5961 

6010  6059 

6108 

6157 

6207  6256 

6806 

6354 

6408 

4 

6452 

6501  6551 

6600 

6649 

6698  1  6747 

6796 

6845 

6894 

5 

6943 

6992  1  7041 

7090 

7139 

1  7189  •:^38 

7287 

7836 

7885 

49 

6 

7434 

7483  i  7532 

7581 

7630 

I  7679  7728 

7777 

7826 

7875 

7 

7924 

7978 

8022 

8070 

8119 

8168  8217 

8266 

8315 

8864 

8 

8413 

8462 

8511 

8560 

8608 

8657  b706  1 

8755 

8804 

8858 

9 

8902 

8951 

8999 

9048 

9097 

9146  1  9195 

9244  i  9292 

9841 

890 

9390 

9489 

9488 

9536 

9585 

9634  1  9683 

9781  1  9780 

'9629 

1 

9878 

9Q26 

OOTTK 

1 

0024 
0511 

0078 
0560 

0121   "I"?"  1 

0219 
0706 

0267 
0764 

0816 
0R08 

2 

950365  0414  |  0462 

0608 

0657 

8 

0851  0900  1  0949 

0997 

1046 

ia»5 

1143 

1192 

1240 

1288 

4 

1338  i  ];J86  '  1435 

1483 

1532 

1580  1629 

167? 

1726 

1775 

6 

1823  1872  ,  1920 

1969 

2017 

2066  1  2114 

2168 

2211 

2260 

6 

2308 

2356  1  2405 

2458 

2502  1 

1  2550  1  2599  i 

2647  2696 

8744 

7 

2792 

2841  ,  2889 

2968 

2986  ' 

3034 

3083  ' 

3181  8180 

822H 

8 

3276 

a325 

3378 

3421 

3470 

8518 

3566  i 

8616 

8668 

8711 

9 

8760 

8808 

8856 

3905 

8958 

4001 

4049 

4006 

4146 

4194 

Proportional  Parts. 


6 


51 
50 
49 

48 


5.1 

10.2 

15.3  ! 

5.0 

10.0 

15.0 

4.9 

9.8 

14.7 

4.8 

9.6 

14.4 

20.4 
20.0 
19.6 
19.2 


25.5 
25.0 
24.5 
24.0 


80.6 
30.0 
29.4 
28.8 


85.7 
35.0 
84.8 
88.6 


8 


40.8 
40.0 
S9.S 
88.4 


46.0 
46.0 
44.1 
48.8 
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TABLE  XXTV. — ^LOOARTTHMfl  OF  IHTMBBItS. 


No.  945  L.  976.] 


[No.  969  L.  995. 


N. 


945 

6 
7 
8 
9 

960 
1 
2 
3 
4 

5 

6 
7 
8 
9 

960 
1 
2 
3 
4 
5 
6 
7 
8 
9 

970 
1 
2 


0 


9754S2 

5891 
6350 
6806 
7266 

7724 

8181 
8687 
9093 
9548 


980008 
(458 
0912 
1366 
1819 

2271 
2723 
3175 
3626 
4077 
4527 
4977 
5426 
5875 
6324 

6772 
7219 
7666 


6478 
£937 
6396 
6854 
7812 

7769 
8226 
8683 
9188 
9594 


5524 
5983 
6442 
6900 
7358 

7815 
8272 
8728 
9184 
9639 


0049 
0503 
0957 
1411 
1864 


3 

8113 

4 

8559 

5 

9005 

6 

9450 

7 

9895 

8 

990339 

9 

0783 

960 

1226 

1 

1669 

2 

2111 

3 

2554 

4 

2995 

5 

3436 

6 

3877 

7 

4317 

8 

4757 

9 

5196 

I  2316 
,  2769 
3220 
3671 
i  4122 
4572 
5022 
5471 
5920 
6369 

6817 
72&4 
7711 
8157 
8604 
9049 
9494 
9939 


0094 
0549 
1003 
1456 
1909 

2362 
2814 
3265 
3716 
4167 
4617 
6067 
5516 
5965 
6413 

6861 
7.^09 
7756 
8202 
8648 
9094 
9539 
9983 


0383 
0827 

1270 
1713 
2156 
2598 
3039 
3480 
3921 
4361 
4801 
5240 


0428 
0871 

1315 
1758 
2200 
2642 
3083 
3524 
3965 
4405 
4845 
5284 


s 

4 

6 

5570 

5616 

5662 

6029 

6075 

6121 

6488 

6533 

6579 

6946 

6992 

7087 

7403 

7449 

7495 

7861 

7906 

7952 

8817 

8363 

8409 

8774 

8819 

8865 

9280 

9275 

9821 

9685 

9730 

9776 

0140 

0185 

0281 

0594 

0640 

0685 

1048 

1093 

1139 

1501 

1547 

1592 

1954 

2000 

2045 

2407 

2452 

2497 

2869 

2904 

2949 

3310 

8356 

3401 

3762 

3807 

3652 

4212 

4257 

4302 

4662 

4707 

4752 

6112 

5157 

5202 

5561 

5606 

5651 

6010 

6055 

6100 

6458 

6503 

6548 

6906 

6951 

6996 

7353 

7398 

7448 

7800 

7845 

7890 

8247 

8291 

8836 

8693 

8737 

8782 

9138 

9183 

9227 

9583 

9628 

9672 

0028 

0072 

0117 

0472 

0516 

0561 

0916 

0960 

1004 

1359 

1403 

1448 

1802 

1846 

1890 

2244 

2288 

2333 

2686 

2730 

2774 

3127 

3172 

3216 

3568 

3613 

3657 

4009 

4053 

409? 

4449 

4493 

4537 

4889 

4983 

49rr 

5328 

5372 

5416 

6 


5707 
6167 
6625 
7083 
7541 

7998 
8454 
8911 
9366 
9821 


027t) 
0730 
1184 
1637 
2090 

2548 
2994 
3446 
3897 
4347 
47W 
5247 
5696 
6144 
6598 

7040 
7488 
7984 
8381 
8826 
9272 
9717 


6753 
6212 
6671 
7129 
7586 

8048 
8500 
8956 
9412 
9867 

0822 
0776 
1229 
1683 
2135 

2588 
3040 
8491 
3942 
4392 
4842 
5292 
5741 
6189 
6637 

7085 
7582 
7979 
8425 
8871 
9316 
9761 


0161 
0605 
1049 

1492 
1986 
2377 
2819 
3260 
3701 
4141 
4581 
5021 
5460 


0206 
0650 
1098 

1686 
1979 
2421 
2863 
3304 
3745 
4185 
4625 
5065 
5504 


8 


5799 
6258 
6717 
7175 
7632 

8069 
8546 
9002 
9467 
9912 


9 


5845 

6304 
6763 
7220 
767« 

8135' 

8691 

9047 

9508 

9958 


0867 
0821 
1275 
1728 
2181 

2683 
3085 
3536 
3987 
4437 
4887 
5887 
5786 
6234 
6682 

n80 
7577 
8024 
8470 
8916 
aS61 
9606 


0250 
0694 
1137 

1680 
2028 
2465 
2907 
3348 
8789 
4229 
4669 
5108 
5547 


0412 
0867 
1320 
1778 
2226 

2678 

8130 

3581 

4032 

4482 

4932 

5382 

6830 

6279. 

6727 

7176 
7622 

8068 
8514 
8960 
9405 
9850 


Dlff. 


45 


0294 
0788 
1182 

1626 
2067 
2609 
2951 
3392 
88SS 
4278 
4718 
5152 
5591 


44 


Pboportional  Parts. 


Diff. 


3 


6 


8 


46 
46 
44 
43 


4.6 
4.6 
4.4 
4.3 


9.2 
9.0 
8.8 
8.6 


13.8 
13.5 
13.2 
12.9 


18.4 
18.0 
17.6 
17.2 


23.0 
22.6 
22.0 
21.5 


27.6 
27.0 
26.4 
25.8 


32.2 
81.5 
80.8 

ao.i 


86.8 
86.0 
86.8 
84.4 


41.4 
40.5 
80.6 
88.7 
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TABLB  XXTT. — ^LOGARITHMS  OP  KTTMBERS. 


No.  090  L.  995.] 


[No.  999  L.  999. 


N. 


990 
1 
2 
3 
4 
5 
6 
7 
8 
9 


995635 
0074 
6512 
6949 
7386 
7823 
8259 
8695 
9131 
9565 


5679 
6117 
6555 
6993 
7430 
7867 
8303 
8739 
9174 
9609 


8 


8 


5723 
6161 
6599 
7037 
7474 
7910 
8347 
8782 
9218 
9652 


5767 
6205 
6643 
7080 
7517 
7954 
8390 
8826 
9261 
9696 


5811 
6249 
6687 
7124 
7561 
7998 
8434 
8869 
9305 
9739 


5854 
6293 
6731 
7168 
7605 
8041 
8477 
8913 
9348 
9783 


6 


5898 
6337 
6774 
7212 
7648 
8085 
8521 
8956 
9392 
9826 


5942 
6380 
6818 
7255 
7692 
8129 
8564 
9000 
9435 
9870 


8 


9      Diff. 


5986 
6424 
6862 
7299 
7736 
8172 
8608 
9043 
9479 
9913 


6030 
6468 
6906 
7343 
7779 
8216 
8652 
9087 
9522 
9957 


44 


43 


N. 


1 
2 
3 

4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 


Logarithms  of  Numbers  from  1  to  100. 


Log. 


0.000000 
0.301030 
0.477121 
0.602060 
0.698970 

0.778151 
0.84.'>098 
0.903090 
0.954243 
1.000000 

1.041393 
1.079181 
1.113943 
1.146128 
1.176091 

1.204120 
1.230449 
1.255273 
1.278754 
1.301030 


N. 


Log. 


21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 

m 

34 
35 

36 
37 

38 
30 
40 


1.322219 
1.342423 
1.361728 
1.380211 
1.397940 

1.414973 
1.4313&4 
1.447158 
1.4(52398 
1.477121 

1.491362 
1.5051.50 
1.51«J14 
1.531479 
1.544068 

1.5.56303 
1.568202 
1.579784 
1.591065 
1.602060 


N. 

Log. 

41 

1.612784 

42 

1.623249 

43 

1.633468 

44 

1.643453 

45 

1.653213 

46 

1.662758 

47 

1.672098 

48 

1.681241 

49 

1.690196 

50 

1.698970 

51 

1.707570 

52 

1.716003 

53 
54 
55 

56  I 

57 

.58 

.59 

60 


1.724276 
1.732394 
1.740363 


748188 
755875 
76^28 
7708,52 
778151 


N. 

Log. 

61 

1.785330 

62 

1.792392 

63 

1.799341 

64 

1.806180 

65 

1.812913 

66 

1.819544 

67 

1.826075 

68 

1.832.509 

69 

1.838849 

70 

1.845098 

71 

l.a51258 

72 

1.857.332 

73 

1.863323 

74 

1.869232 

75 

1.875061 

76 

1.880814 

77 

1.886491 

78 

1.892m5 

N. 

Log. 

81 

1.908485 

82 

1.913814 

83 

1.919078 

84 

1.924279 

85 

1.929419 

86 

1.934498 

87 

1.939519 

88 

1.9444aS 

89 

1.94aS90 

9J 
91 

1.954243 
1.959041 

79 

80 


1.897027 
1.90:3090 


92 
93 
94 

i  96 
J)7 
98 
99 

100 


1.963788 
1.96a4A3 
1.973128 
1.977724 

1.982271 
1.986772 
1.991226 
1.99.5635 
2.000000 


VnliiA 

Sign 

Vnliifi 

Sign 

Value 

Sign 

Value 

Sign 

Value 

at  0°. 

in  1st 

at  90°. 

in  2d 

at 

in;W 

at 

in  4th 

at 

• 

Quad. 

Quad. 

180". 

Quad. 

270° 

Quad. 

300°. 

Sin 

O 

,  1 

L 

R 

+ 

O 

R 

O 

Tan 

o 

— 

- 

00 

o 

-1- 

00 

o 

Sec 

R 

- 

00 

R 

00 

_ 

_ 

R 

Verein.... 

O 

- 

- 

R 

+ 

2R 

+ 

R 

_ 

_ 

O 

Cos 

R 

- 

- 

O 

R 

O 

_ 

_ 

R 

Cot 

00 

- 

- 

O 

— 

00 

-f 

O 



00 

Cosec 

GO 

"" 

— 

R 



00 

■ 

R 

— 

- 

00 

R  sig^fles  equal  to  rad ;  oo  signifies  infinite ;  O  signifies  evanescent. 
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TABLE  XXV. — ^liOOABITHMTO  SLNBflL 


// 

/ 

Sine. 

g-Z 

Tang. 

Cotang. 

1 
q  +  l 

Dr 

Cosine. 

4.686 

15.814 

0 

0 

Inf.  neg. 

675 

575 

Tnf.  neg. 
6.4637^ 

Tnf.  pos. 
18.536274 

425 

ten 

eo 

1 

6.463726 

576 

'675 

425 

ten 

120 

.  2 

.764756 

576 

575 

.764756 

.235244 

425 

ten 

180 

3 

6.940&47 

675 

576 

6.940847 

18.059158 

425 

1 

ten 

240 

4 

7.065786 

575 

575 

7.065786 

12.934214 

425 

ten 

800 

5 

.162696 

575 

576 

.162696 

.837804 

426 

^\£\ 

ten 

360 

6 

.^41877 

675 

675 

.241878 

.758122 

426 

.02 

9.999999 

420 

7 

.308824 

676 

575 

.308825 

.691175 

425 

.00 

.999999 

480 

8 

.866816 

574 

676 

.866817 

.683183 

424 

.00 

.999999 

540 

9 

.417968 

574 

576 

.417970 

.582030 

424 

.00 

.999999 

600 

10 

.463726 

574  576 

.463^7 

.636273 

424 

.02 

.999996 

660 

11 

7.505118 

574 

576 

7.606120 

12.494880 

424 

.00 

9.999998 

720  12 

.542906 

574 

577 

.542900 

.457091 

428 

.02 

.999997 

780 

18 

.577668 

574 

577 

.577672 

.422328 

428 

.00 

.999997 

840 

14 

.609658 

674. 

.  577 

.609857 

.390143 

428 

.02 

.999996 

900 

16 

.639616 

573,  578 

.689820 

.360180 

422 

.00 

.999996 

960 

16 

.667845 

578  578 

.667849 

.332161 

422 

.02 

.999995 

1020 

17 

.6ft4178 

678  578 

.694179 

.305821 

422 

.00 

.999995 

KJiBO 

18 

.718997 

573  579 

.719003 

.280997 

421 

.02 

.999994 

1140 

19 

.742478 

573;  579 

.742484 

.257616 

421 

.02 

.999993 

1200 

20 

.764754 

672 

,580 

.764761 

.285289 

420 

.00 

.999993 

1260 

21 

7.785948 

572 

580 

7.785951 

12.214049 

420' 

.02 

9.999992 

1820 

22 

.806146 

672 

581 

.806156 

.193845 

419  , 

.08 

/Wfc 

.999991 

1880 

28 

.825451 

572 

581 

.825460 

.174540 

419  ' 

.02 

.099090 

1440 

24 

.843984 

571 

582 

.843944 

.156056 

418 

.02 

.999989 

1600 

26 

.861662 

571 

588 

.861674 

.138826 

417 

.00 

/li.'k 

.999989 

1660 

26 

.878695 

571 

588 

.878708 

.121292 

417 

.02 

.999988 

1620 

27 

.895065 

670 

584 

.895099 

.104901 

416 

.02 

.999987 

1680 

28 

.910679 

570 

584 

.910894 

.069106 

416 

.02 

.999986 

1740 

29 

.926119 

670 

1585 

.926134 

.073866 

415 

.02 

.999985 

1800 

80 

.940842 

569 

586 

.940668 

.059142 

414 

.08 

.999983 

1860 

81 

7.956062 

669 

687 

7.955100 

12.044900 

418 

.08 

0.999962 

1920 

82 

.968870 

569 

587 

.968889 

.031111 

413 

.02 

.999981 

1960 

38 

.962233 

568 

586 

.982253 

.017747 

412 

.08 

.999980 

204U 

84 

7.996198 

568'  589 

7.995219 

12.004781 

411 

.08 

.999979 

2100 

85 

8.007787 

567!  590 

8.007809 

11.992191 

410 

.03 

.9)9977 

2160 

86 

.020021 

567  591 

.020044 

.979956 

409 

'  .02 

.999976 

2220 

37 

.031919 

566  1,592 

.031945 

.968055 

408 

.02 

.999975 

2280 

38 

.043501 

566!  693 

.043527 

.956473 

407 

.08 

.999973 

2840 

30 

.054781 

566  593 

.054809 

.945191 

407 

.02 

.999972 

2400 

40 

.065rr6 

566  694 

.065806 

.934194 

406 

.08 

.999971 

2460 

41 

8.076500 

565  595 

8.076531 

11.923469 

406 

1.08 

9.999969 

2520 

42 

.066965 

564  596 

.086997 

.913003 

404 

.02 

.999908 

2580 

43 

.097193 

564  598 

.097217 

.902783 

402 

.03 

/\*k 

.999966 

2640 

44 

.107167 

663  599 

.107203 

.892797 

401 

.04 

.999964 

2700 

45 

.116926 

662  600 

.116963 

.883087 

400 

.02 

.999963 

2r60 

46 

.126471 

562!  601 

.126510 

.873490 

399 

1  ,08 

.999961 

2820 

47 

.136810 

561  602 

.135851 

.864149 

396 

.03 

.999959 

2880 

48 

.144953 

561  603 

.144996 

.a5.5004 

397 

.02 

/k4l 

.999958 

2940 

49 

.153907 

560  604* 

.158952 

.846048 

396 

.03 

/Ml 

.999956 

8000 

50 

.162681 

560  605 

.162727 

.837273 

395 

.08 

.999954 

8060 

51 

8.171280 

569  607 

8.171328 

11.828672 

398 

.03 
.08 
.08 
.08 
.08 
.08 

/\o 

0.999952 

8120  52 

.179713 

5.58  608 

.179763 

.820237 

392 

.999950 

3180  58 

.1879a5 

558  609 

.188036 

.811964 

391 

.999948 

8240  54 

.196102 

557  611 

.196156 

.803844 

380 

.999946 

8300 

56 

.204070 

656;  612 

.204126 

.795874 

388 

.999944 

8^ao 

56 

.211895 

656'  013 

.211953 

.788047 

887 

.999942 

8120 

57 

.219581 

555  615 

.219641 

."7^ 

385 

.03 

.999040 

8180 

68 

.227184 

554 

616 

.227195 

884 

.03 

.999938 

8V40 

59 

.234557 

.5.54 

618 

.234621 

."  7^5379 

882 

.03 

/\C1 

.999936 

8J0O 

60 

8.241865 

663 

619 

8.241921 

11.758079 

881 

.03 

1 

9.999934 

/ 

4.( 

)85 

15.814 

Dr 

// 

Cosine. 

q-l 

Cotang. 

Tang. 

q-\-i 

Sine. 

w* 

^\t 

TABIA  XXV. — LO«AB£FHMIO  &IKB8, 


178» 


/ 

Sine. 

fl- 

-I 

Tang. 

Cotang. 

Q  +  l 

.r\ 

CoRlne. 

/ 

4.685 

15.814 

1 
1 

c 

6.241855  558  | 

619' 

6.241921  : 

11.756079 

881  I 

.oa 

.05 

.08 

.03 

.05, 

.03 

.03 

.05 

.03 

.05 

9.909984 

to 

1 

.249033 

552 

620, 

.^9102 

.750898 

880  , 

.999962 

» 

2 

.256094 

551 

622 

.256165 

.743885 

378  ' 

.999929 

66 

3 

.263042 

551 

628, 

.268115 

.736885 

377 

.999927 

57' 

4 

.269881 

.550  ' 

625 

.269956 

.730044 

375  i 

.999925 

56 

5 

.276614 

549 

627 

.276691 

.723309 

378 

.999922 

55 

6 

.283243 

&48 

628 

.283323 

.716677 

372 

.999920 

54 

7 

.289773 

547 

680 

.289856 

.710144 

370 

.996918 

58 

8 

.296207  546 

632 

.296292 

.708708 

368 

.999915 

52, 

9 

.302546 

546 

633 

.802634 

.697366 

867  1 

.999913 

51 

10 

.308794  545 

636 

.808884 

.691116 

866 

.999910 

50 

11 

8.314954  544 

637 

8.315046 

11.684954 

368! 

.05 
.08 
.05 
.05 
.08 
.05 
.05 
.05 
.05 
.06 

9.999907 

49 

12 

.321027  ;  543 

638 

.821122 

.678878 

862  , 

.999006 

48  , 

13 

.327016  542 

640 

.827114 

.672886 

860 

.999902 

47, 

14 

.832924  541 

642 

.333025 

.666975 

858 

.999699 

46' 

15 

.338753  540 

644 

.888856 

.661144 

856 

.999697 

46 

16 

.344504 

.')89 

646 

.a44610 

.655390 

854 

.999894 

44, 

17 

.350181 

589 

648 

.350289 

.649711 

362 

.999691 

48' 

18 

.355?83 

588 

649 

.355895 

.644105 

861 

.999868 

42 

19 

.361315 

537 

651 

.361430 

.638570 

849 

.999665 

41  1 

20 

.366777 

586 

658 

.366895 

.633105 

847 

.999662 

40' 

21 

8.872171 

585 

655 

8.372292 

11.62'rr08 

846 

1  .06 
.06 
.05 
.05 
.05 
.05 
.06 

i.05 
.07 
.05 

1 

9.999679 

189 

22 

.377499  :  534 

657 

.377622 

.622878 

843 

.999676  1  88 

23 

.382762  ,  588 

659 

.382889 

.617111 

841 

.999673 

.  87 

2^ 

.387962  582 

661 

.388092 

.611908 

889, 

.999670 

1  86 

25 

.393101  |581 

668 

.393284 

.606766 

887 

.999667 

85 

26 

.398179  !  580 

666 

.398315 

.601686 

884 

.999664 

1  84 

27 

.403199  529 

668 

.403338 

.596662 

882 

.999861 

88 

28 

.408161  527 

670 

.408304 

.591696 

880 

.999858  1  82 

29 

.413068  526 

672 

.413213 

.586787 

828 

.999854  81 

ao 

.417919 

525 

674 

.418068 

.581982 

826 

.999851 

j  eo 

81 

8.422717 

524 

676 

8.422869 

11.577131 

824 

.06 
,.07 
1.06 
.05 
.07 
.06 
.07 
.05 
.07 
.07. 

9.999848 

S9 

32 

.427462 

523 

679 

.427618 

.572382 

821 

.999844 

£H 

88 

.432156 

to 

681 

.432315 

.567686 

819 

.999841 

.  27 

34 

.436800  '521 

688 

.436962 

.568038 

817 

.999888 

S8 

3S 

.441394 

520 

685 

.441560 

.658440 

816 

.999684 

25 

36 

.445941 

618 

688 

.446110 

.563890 

812 

.999881 

24 

37 

.450440 

617 

690 

.450613 

.549887 

,  810 

.999827 

28 

38 

.454893 

616 

693 

.455070 

.544980 

807 

.999824 

it 

39 

.469301 

516 

695 

.469481 

.540519 

805 

.999820 

21 

40 

.463665 

614 

697 

.468849 

.536151 

808 

.909816 

20 

41 

8.467985 

612 

700 

8.468172 

11.581828 

800 

.05 
.07 
!.07 
i.07 
,.07 
'.06 
[.07 

!  .cv 

.07 
.07 

9.999613 

19 

42 

.472263 

611 

702 

.472454 

.527546 

298 

.909809 

18 

43 

.476498 

610 

705 

.47'6693 

.523807 

296 

.999805 

17' 

44 

.480698 

509 

707 

.480892  1 

.519106 

296 

.999801 

16 

45 

.  i84848  1  507 

710 

.485050  . 

.514950 

290 

.919797 

15 

46 

.488963 

606 

713 

.489170 

.510830 

287 

.999794 

14 

47 

.493040  '  505 

715 

.493250 

.506750 

286 

.999790 

18 

48 

.497078  503 

718 

.497293  1 

.502707 

2^2 

.999786 

12 

49 

.501080  502 

720 

.501298 

■  .498702 

280 

.999782 

n 

50 

.505045  501 

723 

.505267  , 

.494733 

277 

.999778 

10 

51 

8.508974  1  499 

726 

8.509200  1 

11.490800 

274 

.07 
.08 

:  .07 

.07 
.07 
.07 

'  .08 

..07 

.07 

9.999774 

9 

62 

.512867 

498 

729 

.513098  1 

.486902 

271 

.999769 

8 

53 

.516726 

497 

781 

.516961  1 

.483089 

269 

.999766 

1 

54 

.520551 

4a5 

734 

.520790  1 

.479210 

266 

.999761 

6 

55 

.524343  '494 

737 

524586  1 

.475414 

268 

.999757 

5 

56 

.528102  1  492 

740 

.528349  1 

.471651 

26(1 

.999758 

4 

67 

.531828  491 

743 

.532080 

.467920 

257 

.999748 

8 

68 

.535523  ;  490 

74.'! 

.5,3.5^79 

,   .4&4221 

255 

.999744 

2 

69 

.539186  i488 

748 

.53iM47 

'   .460568 

252 

.999740 

1  1 

60 

8.642819  487 

-^51 

8.543084  ' 

;  11.466916 

249 

9.999786 

1  0 

4.6 

66 

16.814 

Dl' 

1 
1 

/ 

Cosine.  q  - 

-I     1 

Cotanj?. 

Tang. 

Sine. 

_:j 

ii^n 


r 


cosnmsr,  TitNCFsafra^  akd  cotangbnts^ 


11^ 


0 

1 

2 

3 
4 

5 
6 

7 

K) 

11 
12 
13 
14 
15 
1ft 
17 
18 
19 
SO 

2S 
91 

S5 
28 
»7 

90 

31 
d2 
33 
34 

35 
30 
87 
38 
39 
40 

41 
42 
43 
44 
49 
46 
47 
48 
49 
50 

51 
SS 
SB 
54 
66 
56 
57 
58 
50 
60 


mne. 


8F  542819 
.5464S2 
.549995 
.558580 
.567054 
.560540 

.567481 
.570886 
.574214 
.577566 

8.580892 
.584193 
.587469 
.590731 

.597152 

.600332 
.006489 
.606623 
.609734 

8.612823 
.615891 
.018937 
.621962 
.6!»965 
.627948 
.630911 


.636776 

AQQAfin 
.uUtfUUU 

8.642563 
.645428 
.648274 
.651102 
.653911 
.666702 
.659475 
.662230 
.664968 
.067689 

8.670998 
.673080 
.675751 
.678405 
.681043 

.003005 

.886272 
.688663 
.6914'i8 
.69B99o 

8.696543 
.699078 

.701589 
.704090 
.706577 
.709049 
.711507 
.713952 
.718883 
8.718800 


60.05 

50  55 

59.07 

58. 58- 

58.10 

57.65 

57.20 

56.75 

56.30 

56.87 

55. 4S 

55.02 
54.60 
54.20 
53.78 
58.40 
53.00 
52.62 
52.23 
51.85 
51.48 

51.13 
50.77 
50.42 
60.05 
49.72 
49.38 
49.06 
48.70 
48.40 
48.05 

47.75 
47.43 
47.18 
46.82 
46.52 
46.22 
45.92 
45.63 
45.86 
46.07 

44.78 
44.52 
44.23 
48.97 
43.70 
43.45 
43.18 
42.92 
42.67 
42.42 

42.17 
41.93 
41.68 
41.45 
41.20 
40.97 
40.75 
40.52 
40.28 


Coatne. 


9.999735 
999731 
999726 

909717 
999713 
999708 
909704 
999699 
999694 
909689 


9 


9 


i  9 


9 


Cor-e.  I  D  r 


9 


990685 
999680 
999675 
999670 
999665 
999660 
999665 
999650 
999645 
999640 

909635 
999629 
999624 
999619 
999614 
999608 
999608 
999397 
999592 


999681 
999575 
999570 

VirIu04 

999558 
999553 
999517 
999541 
909535 
999529 

999524 
999518 
999512 
999506 
999600 
999493 
999487 
999481 
999475 
999469 

999463 
999456 
999450 
999443 
999437 
999431 
999424 
999418 
999411 
999404  I 


D.  1" 


m 

06 
07 
08 
07 
06 
07 
08 
06 
06 
07 

08 
08 
08 
08 
06 
08 
08 
08 
08 
06 

10 
06 
08 
06 
10 
06 
10 
06 
10 
06 

10 
06 
10 
10 
08 
10 
10 
10 
10 
08 

10 
10 
10 
10 
12 
10 
10 
10 
10 
10 

12 
10 
12 
10 
10 
12 
10 
12 
12 


Tang. 


8.5430R4 
I  .546691 
.550268 
.563817 
.5&7336 
.560828 
.564291 
.5©r»7 
.571137 
.574520 

.arr877 

8.681208 
.584514 
.687795 
.591061 
.504283 
.697492 
.600677 
.603839 
.606978 
.610094 

8.613189 
.616262 
.619813 
.622843 
.625352 
.628840 
.631308 
.634256 
.637184 
.640098 

8.6^982 

.646863 
.648704 
.661687 
.654862 
.657149 
.659928 
.662689 
.665433 
.668160 

8.670870 
.673663 
.676289 
.678900 
.681544 
.684172 
.686784 
.689381 
.691963 
.694529 

8.697081 
.699617 
.702189 
.704646 
.707140 
.709618 
.712083 
.714534 
.716972  I 

8.719896  I 


D.  r 


ea.12 

59.62 
59.15 
58.65 
58.20 
57.72 
57.27 
56.88 
56.38 
55.95 
56.52 

56.10 
54.68 
54.27 
68.87 
53.48 
58.08 
52.70 
52.32 
51.93 
51.58 

51.22 
50.85 
50.50 
50.15 
49.80 
49.47 
49.13 
46.80 
48.48 
48.15 

^.86 
47.52 
47.22 
46.92 
46.62 
46.32 
46.02 
45.73 
45.46 
45.17 

44. cK) 
44.60 
44.36 
44.07 
43.80 
48.58 
43.28 
43.08 
^.77 
42.53 

42.27 
42.08 

41.78 
41.57 
41.30 
41.08 
40.85 
40.68 
40.40 


Cotang. 


11.456016  60 

.458309  59 

.449732  58 

.446183  57 

.442664  56 

.43917^2  56 

.435709  54 

.482273  53 

.428863  52 

.426480  51 

.422123  50 


11.418792 
.415486 
.412205 
.408949 
.405717 
.402508 
.399:323 
.396161 

.389906 

11.386811 
.383738 
.380687 
.377657 
.374618 
.371660 
.368602 
.365744 
.362816 
.359907 

11.357018 
.351147 
.351296 
.348463 
,346648 
.342851 
.340072 
.337311 
.384567 
.331840 

11.829130 
.326437 
.323761 
.821100 
.318456 
.315828 
.313216 
.310619 
.808037 
.305471 

11.302919 

.300383 
.297861 
.295354 
.292860 
.290382 
.287917 
.285466 
.283028 
11.280604 


Sine. 


92* 


D.  r.  II  Cotang.  i  D.  1" 


361 


Tang. 


49 
48 
47 
4& 
45 
44 
43 
42 
41 
40 

39 
88 
87 
36 
35 
34 
33 
82 
31 
30 

29 

2S 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

a 

7 
ft 
5 
4 
3 
H 
t 


as 


^ 


TABLE  XXV. — ^LOGARITHMIC   SINKS, 


176' 


Sine. 


D.  r. 


0 
1 
2 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
82 
33 
84 
35 
86 
87 
88 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

61 
52 
58 
54 
55 
56 
57 
58 
59 
60 


8.718800 
.721204 
.723595 
.726972 
.728887 
.730688 
.783027 
.735354 
.737667 
.739969 
.742259 

8.744536 
.746802 
.749055 
.751297 
.75*528 
.755747 
.757955 
.760151 
.762337 
.764511 

8.766675 
.768828 
.770970 
.778101 
.775228 
.777838 
.779434 
.781524 
.783605 
.786675 

8.787736 
.789787 
.791828 
.798859 
.795881 
.797894 
.799897 
.801892 
.803876 
.805852 

8.807819 
.809777 
.811726 
.813667 
.815599 
.817522 
.819486 
.821848 
.823240 
.826180 

8.827011 
.828884 
.8:^49 
.882007 
.8344.56 
.836297 
.838130 
.839956 
.841774 

8.843585 

Cosine. 


40.07 
39.85 
39.62 
39.42 
89.18 
88.98 
88.78 
88.55 
88.37 
38.17 
37.95 

37.77 
37.55 
87.37 
37.18 
36.98 
86.80 
36.60 
36.48 
36.23 
36.07 

35.88 
35.70 
85.52 
85.87 
85.17 
35.02 
84.83 
84.68 
84.50 
84.35 

84.18 
84.02 
83.85 
88.70 
88.55 
88.88 
88.26 
83.07 
82.98 
82.78 

82.68 
32.48 
32.35 
32.20 
82.05 
81.90 
31.78 
81.62 
31.50 
81.35 

31.22 
81.08 
80.97 
30.82 
80.08 
80.55 
80.43 
80.80 
80.18 


Cosine. 


D.  r. 


9.999404 
.999398 
.999891 
.999884 
.999378 
.999371 
.999364 
.999357 
.999350 
.999848 
.999836 

9.999329 
.999322 
.999815 
.990308 
.999301 
.999294 
.999287 
.999279 
.999272 
.999265 

9.999257 
.999250 
.999242 
.999235 
.999227 
.999220 
.999212 
.999205 
.999197 
.999189 

9.999181 
.999174 
.999166 
.999158 
.999150 
.999142 
.999134 
.999126 
.999118 
.999110 

9.999102 
.999094 
.999086 
.999077 
.999069 
.999061 
.999053 
.999044 
.999086 
.999027 

9.999019 
.999010 
.999002 
.998993 
.998984 
.998976 
.998967 
.998958 
.998{)50 

9.998941 


D  r.   II     Sine. 


.10 
.12 
.12 
.10 
.12 
.12 
.12 
.12 
.12 
.12 
.12 

.12 
.12 
.12 
.12 
.12 
.12 
.18 
.12 
.12 
.18 

.12 
.18 
.12 
.18 
.12 
.18 
.12 
.13 
.13 
.18 

.12 
.18 
.13 
.13 
.13 
.18 
.18 
.18 
.13 
.13 

.18 
.13 
.15 
.13 
.13 
.13 
.15 
.18 
.15 
.13 

.15 
.13 
.15 
.15 
.13 
.15 
.15 
.13 
.15 


Tang. 


8.719896 
.721806 
.724204 
.726688 
.728959 
.781317 
.788663 
.735996 
.738317 
.740626 
.742922 

8.746207 
.747479 
.749740 
.761989 
.754227 
.756453 
.768668 
.760872 
.763065 
.766246 

8.767417 
.769678 
.771727 
.773866 
.775995 
.778114 
.780222 
.782320 
.784408 
.786486 

8.788654 
.790613 
.792662 
.794701 
.796731 
.798'f52 
.800763 
.8027&5 
.804758 
.806742 

8.808717 
.810683 
.812641 
.814589 
.816629 
.81^^1 
.820884 
.822298 
.824205 
.826103 

8.827992 
.829874 
.831748 
.a3;«13 
.8*5471 
.887321 
.839103 
.840998 
.842»26 

8.844(M4 


D.  r. 


40.17 
89.97 
39.78 
89.52 
39.30 
89.10 
88.88 
38.68 
88.48 
38.27 
88.06 

87.87 
37.68 
87.48 
87.30 
87.10 
86.92 
86.78 
86.56 
36.85 
86.18 

86.02 
85.82 
86.65 
85.48 
85.82 
36.18 
84.97 
84.80 
84.68 
84.47 

84.82 
84.16 
88.96 
38.88 
83.68 
88.62 
88.37 
88.22 
88.07 
82.92 

82.77 
82.68 
82.47 
82.88 
82.20 
82.05 
81.90 


81 
81 
81 


78 
68 
48 


81.87 
81.23 
81.06 
80.97 
80.83 
80.70 
*  30.58 
80. 4> 
80.32 


Cotang. 


11.280604  I  60 

.278194  I  59 

.275796  58 

.2r3412  67 

.271041  56 

.268688  55 

.266337  54 

.264004  53 

.261688  52 

.259874  51 

.257078  60 

11.254793  49 

.252521  ,  48 


.250260 
.248011 
.245773 
.248647 
.241382  I  ^ 
.239128  I  48 
.236935  41 
.2817M  40 


47 
46 
45 
44 


11.232588 
.280422 
.288278 
.886184 
.884005 
.821886 
.219778 
.217680 
.215692 
.218514 

11.211446 
.200887 
.207338 
.205299 
.208269 
.201848 
.199837 
.197836 
.195842 
.198858 

11.191288 
.189817 
.187859 
.185411 
.188471 
.161689 
.179616 
.177702 
.175795 
.178897 

11.172006 
.170126 
.168858 
.166887 
.164629 
.168679 
.160687 
.169008 
.15n75 
<  11.166866 


I 


w 


D.  r.  i  Cotang.  |  D.  1'.  \    Tang.  | 

362 


80 
36 
87 
36 
85 
34 
88 
88 
81 
80 

29 
26 
27 
86 
85 
84 
28 
28 
21 
80 

19 
18 
17 
16 
15 
14 
18 
18 
11 
10 

9 

8 
7 
6 
5 
4 
8 
8 
1 
0 


w 


TABLB  XXV. — ^LOGABrrmaC  SiKKfi, 


174« 


Sine. 


D.  r. 


0 

1 

2 

s 

4 
5 
6 
7 
8 
9 
10 

11 
13 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
32 
33 
34 
35 
36 
87 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
63 
54 
55 
56 
57 
58 
59 
60 


8.940206 
.941788 
.943174 

.946034 
.947456 
.948874 
.950287 
.951696 
.953100 
.954499 

8.955894 
.957284 
.958670 
.960052 
.961429 
.962801 
.964170 
.965534 
.966893 
.968249 

8.969600 
.970947 
.972289 
.973628 
.974962 
.976293 
.977619 
.978941 
.980259 
.981573 

8.962883 
.984189 
.985491 
.986789 
.988063 
.989374 
.990660 
.9919^ 
.993222 
.994497 

8.995768 
.997036 
.998299 
8.999560 
9.000816 
.002069 
.003318 
.004563 
.00.5805 
.007044 

9.008278 
.009510 
.010737 
.011962 
.013182 
M4400 
.01.5613 
.016824 
.018031 

9.019235 


Cosine. 


24.03 
23.93 
23.87 
23.80 
23.70 
23.63 
23.55 
23.48 
23.40 
23.32 
23.25 

23.17 
23.10 
23.03 
22.95 
22.87 
22.82 
22.73 
22.65 
22.60 
22.52 

22.45 
22.87 
22.32 
22.23 
22.18 
22.10 
22.08 
21.97 
21.90 
21.88 

21.77 
21.72 
21.63 
21.57 
21.52 
21.48 
21.38 
21.32 
21.25 
21.18 

21.13 

21.05 
21.02 
20.98 
20.88 
20.82 
20.75 
20.70 
20.65 
20.57 

20.53 
20.45 
20.42 
20.33 
20.30 
20.22 
20.18 
20.12 
20.07 


Cosine.  1  D.  1'. 


9.998844 
.996833 
.996822 
.998811 
.996800 
.998289 
.998277 
.998266 
.998255 
.998243 
.998232 

9.998220 
.996209 
.996197 
.998186 
.998174 
.998163 
.998151 
.996139 
.998128 
.996116 

9.996101 
.996092 
.998060 
.99606o 
.996056 
.996044 
.998082 
.998020 
.998008 
.997996 

9.997964 
.997972 

.997959 
.997947 
.997935 
.997922 
.997910 
.997897 
.997885 
.997872 

9.997860 
.997847 
.997835 
.997822 
.997809 
.997797 
.997784 
.997771 
.9{)7758 
.997745 

9.997732 
.997719 
.997706 
.997693 
.997680 
.997667 
.997654 
.997641 
.997628 

9.997614 

Sine. 


D.  r. 


.18 
.18 

.18 
.18 
.18 
.20 
.18 
.18 
.20 
.18 
.20 

.18 
.20 
.18 
.20 
.18 
.20 
.20 
.18 
.20 
.20 

.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

.20 
.22 
.20 
.20 
.22 
.20 
.22 
.20 
.22 
.20 

'.20 
.22 
.22 
.20 
.22 
.22 
.22 

.22 

."22 
.22 
.22 
.22 
.22 
.23 


Tang. 


8.941952 
.943404 
.944852 
.946295 
.947734 
.949168 
.950597 
.952021 
.953441 
.954856 
.956267 

8.957674 
.959075 
.960473 
.961866 
.963255 
.964639 
.966019 
.967394 
.968766 
.970133 

8.971496 
.97^^55 
.974209 
.975560 
.976906 
.978248 
.979586 
.980921 
.982251 
.983577 

8.984699 
.986217 
.967532 
.968842 
.990149 
.991451 
.992750 
.994045 
.995337 
.996624 

8.997906 
8.999188 
9.000465 
.001788 
.003007 
.004272 
.005534 
.006792 
.008047 
.009298 

9.010546 
.011790 
.018081 
.014268 
.015502 
,016782 
.017959 
.019183 
.020403 

9.021620 


D.V. 


24.2f*  , 

24.13  1 

24.05 

23.98 

28.90 

28.82 

28.78 

23.67 

23.58 

23.52 

28.46 

28.85 
23.80 
23.22 
28.15 
28.07 
23.00 
22.92 
22.87 
22.78 
22.72 

22.66 
22.57 
22.52 
22.48 
22.87 
22.80 
22.25 
22.17 
22.10 
22.03 

21.97 
21.92 
21.83 
21.78 
21.70 
21.65 
21.58 
21.53 
21.45 
21.40 

21.33 
21.28 
21.22 
21.15 
21.08 
21.03 
20.97 
20.92 
20.85 
20.80 

20.73 
20.68 
20.62 
20.57 
20.50 
20.45 
20.40 
20.33 
20.28 


Cotang. 


95< 


D.  1".    I  Cotang.  |  D.  1'. 


4»u4 


11.058048 

60 

.056596 

59 

.055148  1 

56 

.053705  ' 

57 

.052266 

56 

.060632 

55 

.049403 

64 

.047979 

58 

.046569 

52 

.045144 

51 

.043733 

90 

11.042826 

49 

.040025 

48 

.039607 

47 

.038134 

46 

.086745 

45 

.035861 

44 

.038961 

43 

.032606 

4S 

.031234 

41 

.029667 

40 

11.028604 

38 

.0^7145 

88 

.025791 

87 

.024440 

86 

.023094 

85 

.021752 

84 

.020414 

88 

.019079 

82 

.017749 

81 

.016423 

80 

11.015101 

29 

.018783 

28 

.011^168 

27 

.011158 

26 

.009851 

25 

.008549 

24 

.007250 

23 

.005955 

22 

.004663 

21 

.008376 

29 

11.002092 

19 

11.000612 

16 

10.999686 

17 

.996862 

16 

QOKOOR 
.  WINRK) 

15 

.995728 

14 

.994466 

IS 

.998208 

12 

.991963 

11 

.   .990702 

10 

10.969454 

9 

.98H210 

8 

.986969 

7 

.985732 

6 

.»^98 

5 

.983S368 

4 

.982(H1 

8 

.980817 

2 

.979697 

1 

10.978380 

0 

Tang. 


6« 


COSINES,  TANGENTS,  AND  COTANGENTS. 


173* 


Sine. 


0 

9.019235 

1 

.020435 

8 

.021632 

3 

.022825 

4 

.024016 

6 

.025203 

6 

.026386 

7 

.027567 

8 

.028744 

9 

.029918 

10 

.031089 

11 

9.082257 

12 

.03^21 

13 

.084582 

14 

.036741 

15 

.036806 

16 

.038048 

17 

.039197 

18 

.040342 

19 

.041485 

30 

.042625 

21 

9.043762 

22 

.044895 

23 

.046026 

24 

.047154 

25 

.048279 

26 

.049400 

27 

.060619 

28 

.061635 

29 

.062749 

30 

.063859 

31 

9.054966 

32 

.066071 

33 

.057172 

34 

.058271 

35 

.059367 

36 

.060460 

37 

.061551 

38 

.062639 

39 

.063724 

40 

.064806 

41 

9.065885 

42 

.066962 

43 

.068036 

44 

.069107 

45 

.070176 

46 

.071242 

47 

.072306 

48 

.073366 

49 

.074424 

50 

.075480 

61 

9.076533 

52 

.077583 

53 

.078631 

64 

.079676 

55 

.080719 

56 

.081769 

57 

.082797 

58 

.063832 

69 

.064864 

60 

9.085894 

D.  r. 


20.00 
9.96 
9.88 
9.86 
9.78 
9.72 
9.68 
9.62 
9.57 
9  52 
9.47 

9.40 
9.35 
9.32 
9.25 
9.20 
9.16 
9.06 
9.06 
9.00 
8.96 

8.88 
8.86 
8.80 
8.75 
8.68 
8.66 
8.60 
8.57 
8.50 
8.45 

8.42 
8.85 
8.32 
8.27 
8.22 
8.18 
8.13 
8.08 
8.03 
7.98 


Cosine. 


95 
,90 
,85 
82 
,77 
73 
67 
63 
60 
55 


7.50 
7.47 
7.42 
7.38 
7.33 
7.30 
7.25 
7.20 
7.17 


9.997614 
.997601 
.997588 
.997574 
.997561 
.997547 
.997534 
.997520 
.997507 
.997493 
.997480 

9.997466 
.997452 
.997480 
.997425 
.997411 
.997897 
.997383 
.997369 
.997355 
.997341 

9.997327 
.997313 
.997299 
.997285 
.997^-871 
.997257 
.997242 
.997228 
.997214 
.997199 

9.997185 
.997170 
.997156 
.997141 
.997127 
.997112 
.997098 
.997083 
.997068 
.997053 

9.997089 
.997024 
.997009 
.996994 
.996979 
.996964 
.996949 
.996934 
.996919 
.996904 

9.996889 
.996874 
.996858 
.996843 
.996828 
.996812 
.996797 
.996782 
.996766 

9.996751 


D.  1*. 


Cosiue.     D.  1" 


Sine. 


.22 
.22 
.23 
.22 
.23 
.22 
.23 

!23 

!23 
.23 

!23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 

.23 
.23 
.23 
.23 
.23 
.25 
.23 
.23 
.25 
.23 

.25 
.23 
.25 
.23 
.25 
.23 
.25 
.25 
.25 
.28 

.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 

.25 

.27 
.25 
.27 
.27 
.25 
.25 
.27 
.25 


Tang. 


9.021620 
.022834 
.024044 
.025251 
.026455 
.027655 
.028852 
.030046 
.031237 
.032425 
.033609 

9.034791 
.035969 
.037144 
.038316 
.030485 
.040651 
.041813 
.042973 
.044180 
.045284 

9.046434 
.047582 
.048727 
.049869 
.051008 
.052144 
.053277 
.054407 
.055535 
.056659 

9.057781 
.058900 
.060016 
.061130 
.002240 
.063348 
.064453 
.065556 
.066655 
.067752 

9.068846 
.069938 
.071027 
.072113 
.073197 
.074278 
.075;i56 
.076432 
.077505 
.078576 

9.079644 
.080710 
.081773 
.082833 
.083891 
.084947 
.086000 
.087050 
.088098 

9.089144 


D.  r. 


20.23 

20.17 

20.12 

20.07 

20.00 

9.95 

9.90 

9.85 

9.80 

9.73 

9.63 
9.58 
9.53 
9.48 
9.43 
9.37 
9.33 
9.28 
9.23 
9.17 

9.13 
9.08 
9.03 
8.98 
8.93 
8.88 
8  83 
8.80 
8.73 
8.70 

8.65 
8.60 
8.57 
8.50 
8.47 
8.42 
8.38 
8.32 
8.28 
8.25 


Cotang. 


8.20 
8.15 
8.10 
8.07 
8.02 
7.97 
7.93 
7.88 
7.85 
7.80 


77 
72 
67 
63 
60 
55 
50 
47 
43 


10.978880 
.977166 
.975956 
.974749 
.973545 
.972345 
.971148 
.969954 
.968763 
.967575 
.966391 

10.965209 
.964031 
.962856 
.961684 
.960515 
.959349 
.958187 
.957027 
.955870 
.954716 

10.953566 
.952418 
.951273 
.950131 
.948992 
.947856 
.946723 
.945593 
.944465 
.943*41 

10.942219 
.941100 
.939984 
.938870 
.937760 
.936652 
.935547 
.934444 
.933345 
.932248 

10.931154 
.930062 
.928973 
.927887 
.926803 
.925722 
.924644 
.923568 
.922495 
.921424 

10.920356 
.919290 
.918227 
.917167 
.916109 
.915053 
.914000 
.912950 
.911902 

10.910856 


D.  r.   1,  Cotang.  i  D.  1".  |     Tang. 


sn; 


i\ 


83< 


TABLE  XXV.— LOGARITHMIC  SINES, 


1T2« 


Sine. 


0 
1 
2 
3 

4 
6 
6 
7 
8 
9 
10 

11 
12 
IS 
14 
16 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
82 
83 
34 
85 
86 
87 
88 
89 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
60 

51 
52 
58 
64 
55 
66 
67 
68 
59 
60 


D.  r. 


Cosine. 


D.  r. 


9.066894 
.086922 
.087947 
.088970 
.089990 
.091008 
.092024 
.093037 
.094047 
.095056 
.096062 

9.097065 
.098066 
.099065 
.100062 
.101056 
.102048 
,103037 
.104025 
.106010 
.105992 

9.106973 
.107951 
.108927 
.109901 
.110873 
.111842 
.112809 
.118774 
.114787 
.115698 

9.116666 
.117613 
.118567 
.119519 
.120469 
.121417 
.122362 
.123306 
.124248 
.125187 

9.126125 
.127060 
.127993 
.128925 
.129854 
.130781 
.131706 
.182630 
.133551 
.134470 

9.185387 
.136303 
.137216 
.138128 
.1390:^7 
.139944 
.M0a50 
.141754 
.142655 

3.148555 


17.13 
17.08 
17.05 
17.00 
16.97 
16.93 
16.88 
16.83 
16.82 
16.77 
16.72 

16.68 
16.66 
16.62 
16.57 
16.53 
16.48 
16.47 
16.42 
16.37 
16.85 

16.30 
16.27 
16.23 
16.20 
16.15 
16.12 
16.08 
16.05 
16.02 
15.97 

15.95 
15.90 
15.87 
15.83 
15.80 
16.75 
15.73 
15.70 
15.66 
15.63 

15.58 
15.55 
15.53 
15.48 
15.46 
15.42 
15.40 
15.36 
15.32 
15.28 

16.27 
15.22 
15.20 
15.15 
15.12 
15.10 
15.07 
15.02 
15.00 


Cosine.  I  D.  1'. 


9.996761 
.996785 
.996720 
.996704 
. 906000 
.996673 
.996667 
.996641 
.996625 
.996610 
.996594 

9.996678 
.996662 
.996546 
.996680 
.996514 
.996498 
.996482 
.996465 
.996449 
.996433 

9.996417 
.996400 
.996384 
.996868 
.996351 
.996386 
.996318 
.996302 
.996285 
.996269 

9.996252 
.996235 
.996219 
.996202 
.996186 
.996168 
.996151 
.996134 
.996117 
.996100 

9.996083 
.996066 
.996049 
.996082 
.996015 
.995998 
.995980 
.995968 
.995946 
.995928 

J. 996911 
.995894 
.995876 
.995869 
.995841 
.995823 
.995806 
.995788 
.995771 

9.995753 

Sine. 


Tang. 


D.  r. 


dv 


.27 
.25 
.27 
.27 
.26 
.27 
.27 
.27 
.26 
.27 
.27 

.27 

.27 
.27 
.27 
.27 
.27 
.28 
.27 
.27 
.27 

.28 
.27 
.27 
.28 
.27 
.28 
.27 
.28 
.27 
.28 

.28 
.27 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 

.28 
.28 
.28 
.28 
.28 
.80 
.28 
.28 
.80 
.28 

.28 
.80 
.28 
.80 
.80 
.28 
.80 
.28 
.80 

D.  1". 


am 


9 


9 


9 


9 


9 


9 


9 


069144 
090187 
091228 
092266 
098302 
094886 
095867 
096395 
097422 
09S446 
099468 

100487 
101504 
102619 
103682 
104642 
106660 
106566 
107559 
108560 
109669 

110556 
111551 
112548 
113583 
114521 
115507 
116491 
117472 
118452 
119429 

120404 
121877 
122848 
128317 
124284 
125249 
126211 
127172 
128180 
129087 

180041 
180994 
131944 
132893 
183889 
134784 
135726 
186667 
137606 
188642 

189476 
140409 
141840 
142269 
148196 
144121 
145044 
146966 
146886 
147808 


Cotang. 


Cotang. 


17.88 
17.86 
17.80 
17.27 
17.28 
17.18 
17.18 
17.12 
17.07 
17.08 
16.96 

16.95 
16.92 
16.88 
16.88 
16.80 
16.77 
16.72 
16.68 
16.66 
16.02 

16.58 
16.68 
16.60 
16.47 
16.48 
16.40 
16.86 
16.88 
16.28 
16.25 

16.22 
16.18 
16.16 
16.12 
16.08 
16.08 
16.02 
16.97 
16.95 
16.90 

16.88 
16.88 
16.82 
16.77 
16.76 
15.70 
16.68 
15.68 
15.62 
16.67 

15.66 
15.62 
16.48 
16.45 
15.42 
16.88 
16.87 
16.82 
16.80 


10.910666  60 
.909613  59 


.908772 
.907734 
.906698 
.906664 
.904638 
.908605 
.902578 
.901564 
.900582 

10.899518 
.896496 
.897481 
.896468 
.896468 
.894460 
.808444 
.892441 
.891440 
.890441 

10.889444 

.887467 
.886467 
.886479 
.884493 
.888609 
.882628 
.881648 
.8806n 

10.879596 
.878628 
.877662 
.876683 
.875716 
.874761 
.878789 
.872828 
.871870 
.870918 

10.860969 
.860006 
.868066 

.8eno7 

.866161 
.806016 
.864274 


D.  1". 


.861468 

10.8006SM 
.860691 
.868660 
.867781 
.856804 
.856679  ■ 
.864966 
.854084 
.868115 

10.852197 


58 
57 
56 
56 
54 
58 
62 
61 
60 

49 
48 
47 
46 
46 
44 
48 
42 
41 
40 

80 
38 
87 
86 
86 
84 
88 
82 
81 
80 

20 
28 
27 
26 
25 
24 
28 
22 
21 
20 

19 
18 
17 
16 
16 
14 
18 
12 
11 
10 

9 
8 
7 
6 
6 
4 
8 
2 
1 
0 


Tang. 


sr 


8« 


COSINES,  TANGENTS,  AND  COTANGENTS. 


0 
1 
2 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


22 
28 

24 
25 
26 

27 
28 
29 
80 

31 
32 
88 
31 
85 
36 
87 
88 
39 
40 

41 
42 

43 
44 
45 
46 
47 
48 
49 
50 

61 
52 
58 
54 
56 
56 
57 
58 
59 
60 


9.148655 
.144453 
.145349 
.146248 
.147186 
.148026 
.148915 
.149602 
.150686 
.151569 
.152151 

9.158880 
.154;;i08 
.156063 
.155957 
.156880 
.1.57700 
.158669 
.159435 
.160801 
.161164 


21  9.162025 


.162885 
.168743 
.164600 
.165154 
.166807 
.167159 
.168008 
.168856 
.169702 

9.170547 
.171889 
.172S30 
.178070 
.173903 
.174744 
.175578 
.176411 
.17TO42 
.178072 

9.178900 
.179720 
.180551 
.181374 
.182190 
.18J016 
.1S:«34 
. 184651 
.185466 
.186:^80 

9.187092 
.187903 
.188712 
.189519 
.190325 
.191130 
.191983 
.192734 
.193534 

9.194332 


D.  r.    I 


Cosine. 


14.97 
14.93 
14.90 
14.88 
14.83 
14.82 
14.78 
14.73 
14.72 
14.70 
14.65 

14.63 
14.58 
14.57 
14.55 
14.50 
14.48 
14.43 
14.43 
14.38 
14.35 

14.33 
14.30 
14.28 
14.23 
14.2^ 
14.20 
14.15 
14.13 
14.10 
14.06 

14.03 
14.02 
14.00 
13.97 
13.93 
13.90 
13.88 
13.85 
13.83 
13.80 

13.77 
13.75 
13.?^ 
13.70 
13.67 
13.63 
13.62 
13.58 
13.57 
13.53 

13.52 
13.48 
13.45 
13.43 
13.42 
13.38 
13.35 
13.33 
13.30 


Cosine. 


D.  r. 


9.996758 
.995735 
.995717 
.995699 
.995681 
.995664 
.995646 
.995628 
.995610 
.995591 
.995573 

9.995555 
.995537 
.995519 
.995501 
.995482 
.995464 
.995446 
.995427 
.995409 
.995390 

9.995372 
.995353 
.995334 
.995316 
.995297 
.995278 
.995260 
.995241 
.995222 
.995203 

9.995184 
.095165 
.995146 
.995127 
.995108 
.995089 
.995070 
.995051 
.995032 
.995013 

9.99499S 
.994974 
.934955 
.994935 
.994910 
.9948w6 
.994877 
.994857 
.994838 
.994818 

9.994798 
.994^79 
.994759 
.9:^4739 
.994720 
.994700 
.994680 
.994660 
.994640 

9.994620 


D  \\ 


.80 
.80 
.80 
.30 
.28 
.30 
.30 
.30 
.32 
.30 
.80 

.30 
.30 
.30 
.32 
.80 
.30 
.32 
.30 
.32 
.30 

.82 
.82 
.80 
.82 
.32 
.80 
.32 
.82 
.32 
.32 

.32 
.32 
.82 
.82 
.82 
.32 
.32 
.32 
.32 
.33 

.32 

.83 
.32 
.33 
.82 
.83 
.32 
.83 
.33 

.82 
.33 
.33 
.32 
.83 
.88 
.83 
.33 
.33 


Tang. 


Sine.     I  D.  1'. 


9.147803 
.148718 
.149632 
.150544 
.151454 
.152363 
.153269 
.154174 
.155077 
.155978 
.156877 

9.157775 
.158671 
.159565 
.160157 
.161347 
.162236 
.163123 
.164008 
.164892 
.165774 

9.166654 
.167582 
.168109 
.169284 
.170157 
.171029 
.m899 
.172767 
.173634 
.174499 

9.175362 

.176224 

~,1770»4 

.177942 

.17871J9 
.179655 
.180508 
.181300 
.182211 
.183059 

9.183907 
.184752 
.185597 
.186439 
.187280 
.188120 
.188958 
.189794 
.190629 
.191462 

9.192294 
.193124 
.193953 
.194780 
.195606 
.196430 
.197253 
.198074 
.198894 

9.199713 


D.  r. 


Cotang. 


Cotang. 


15.25 
15.23 
15.20 
15.17 
15.15 
15.10 
15.06 
15.05 
15.02 
14.98 
14.97 

14.93 
14.90 
14.87 
14.83 
14.82 
14.78 
14.75 
14.78 
14.70 
14.67 

14.63 
14.62 
14.58 
14.56 
14.58 
14.50 
14.47 
14.46 
14.42 
14.38 

14.87 
14.33 
14.30 
14.28 
14  27 
14.22 
14.20 
14.18 
14.13 
14.13 

14.06 
14.06 
14.03 
14.02 
14.00 
13.97 
13.93 
13.92 
13.88 
13.87 

13.83 
13.82 
13.78 
13.77 
13.73 
13.72 
13.68 
13.67 
13.65 


10.852197 
.851262 
.850368 
.849456 
.848546 
.847637 
.846731 
.845826 
.844923 
.844022 
.843123 

10.842225 
.841329 
.840435 
.839543 
.838653 
.837764 
.836877 
.835992 
.835108 
.834226 

10.888346 
.832468 
.831591 
.880716 
.829843 
.828971 
.828101 
.827233 
.826366 
.825501 

10.824638 
.828776 
.822916 
.822068 
.821201 
.820345 
.819492 
.618&10 
.817780 
.816941 

10.816098 
.815248 
.814403 
.813561 
.812720 
.811880 
.811042 
.810206 
.809371 
.808538 

10.807706 
.806876 
.806047 
.805220 
.804394 
.803570* 
.802747 
.801926 
.801106 

10.800287 


D.  r. 


Tang. 


-^arr 


9« 


TABLE  XXV.— LOGARITHMIC  SINES, 


170< 


Sine. 


D.  1'.    I  Cosine. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
20 
27 
28 
29 
30 

81 
82 
83 
31 
86 
86 
87 
88 
89 
40 

41 
42 
4S  ; 

44  I 

45  , 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.194882 
.195129 
.195925 
.196719 
.197511 

.199091 
.1{)9879 
.200066 
.201451 

9.208017 
.2.3797 
.204577 
.205354 
.206131 
.206906 
.207679 
.208452 
.209222 
.209992 

9.210760 
.211526 
.212291 
.213055 
.213818 
.214579 
.215338 
.216097 
.216854 
.217609 

9.218363 
.219116 
.219868 
.220618 
.221367 
.222115 
.222861 
.223606 
.224349 
.225092 

9.225a33 

• .226573 

.227311 

.228048 
.2287"H4 
.229518 

.230984 
.2:31715 
.232444 

9.23:3172 
.233899 
.2:34625 
.2:3.5^49 

.  .236073 
.236795 
.237515 
.2382a5 
.23895:3 

9.289670 


13.28 
13.27 
13.23 
13.20 
13.18 
13.15 
13.13 
13.12 
13.08 
13.05 
13.05 

13.00 
13.00 
12.95 
12.95 
12.92 
12.88 
12.88 
12.83 
12.88 
12.80 

12.77 
12.75 
12.73 
12.72 
12.68 
12.65 
12.65 
12.62 
12.58 
12.57 

12.55 
12.53 
12.50 
12.48 
12.47 
12.43 
12.42 
12.38 
12.38 
12.35 

12.33 
12.30 
12.28 
12.27 
12.2:3 
12.23 
12.20 
12.18 
12.15 
12.13 

12.12 
12.10 
12.07 
12.07 
12.03 
12.00 
12.00 
11.97 
11.95 


Cosine.  I  I).  1' 


9.994620 
.994600 
.994580 
.994560 
.994540 
.994519 
.9;>4499 
.994479 
.994459 
.994438 
.9<.M418 

9.994398 
.994377 
.994357 
.994336 
.994316 
.9942i)5 
.994274 
.994254 
.994233 
.994212 

9.994191 
.994171 
.994150 
.994129 
.994108 
.994087 
.994066 
.994045 
.994024 
.994003 

9.993982 
.99:3960 
.993939 
.993918 
.993897 
.993875 
.993854 
.993832 
.993811 
.993789 

9.993768 
.993746 
.99371SJ5 
.993703 
.9913681 
.993660 
.993638 
.993616 
.99:3594 
.993572 

9.993550 
.99:3rj28 
.99:3506 
.993484 
.993462 
.993440 
.99.^418 
.99:3:396 
.99:3:374 

9.99:3351 


D.  1". 


.88 
.88 
.88 
.83 
.85 
.83 
.38 
.88 
.85 
.83 
.83 

.85 
.33 
.85 
.33 
.35 
.85 
.83 
.35 
.86 
.85 

.83 
.35 
.35 
.35 
.86 
.85 
.85 
.35 
.85 
.85 

.87 
.35 
.35 
.35 
.87 
.85 
.87 
.85 
.37 
.85 

.37 
».85 
.37 
.87 
.35 
.37 
.37 
.37 
.37 
.87 

.37 
.37 
.37 
.87 
.37 
.87 
.87 
.37 
.38 


Tang. 


ry        I 


Sine 


D.  1". 


9.199713 
.200529 
.201345 
.202159 
.202971 
.203782 
.204592 
.205400 
.206207 
.207013 
.207817 

9.208619 
.209420 
.210220 
.211018 
.211815 
.212611 
.213405 
.214198 
.214989 
.215780 

9.216568 
.217856 
.218142 
.218926 
.219710 
.220492 
.221272 
.222052 
.222880 
.223607 

9.224382 
.225156 
.225929 
.226700 
.227471 
.228239 
.229007 
.229773 
.230539 
.231302 

9.232065 
.282826 
.233586 
.2:34345 
.285103 
.235859 
.2:36614 
.237368 
.238120 
.238872 

9.289622 
.240871 
.241118 
.241865 
.242610 
.243354 
.244097 
.244839 
.245579 

9.246319 


D.  1". 


Cotang. 


Cotanpr. 


13.60 
18.60 
18.57 
13.53 
18.52 
13.50 
13.47 
13.45 
13.43 
13.40 
13.87 

18.85 
18.83 
18.80 
18.28 
18.27 
13.23 
18.22 
18.18 
18.18 
18.18 

18.13 
18.10 
18.07 
13.07 
13.03 
18.00 
13.00 
12.97 
12.95 
12.92 

12.90 
12.88 
12.86 
12.86 
12.80 
12.80 
12.77 
12.77 
12.72 
12.  T2 

12.68 
12.67 
12.65 
12.63 
12.60 
12.58 
12.57 
12.53 
12.5a 
12.50 

12.48 
12.46 
12.45 
12.42 
12.40 
12.38 
12.87 
12.33 
12.38 


D.  r. 


10.800287 
.799471 
.798665 
.?J7841 
.797029 
.796218 
.795408 
.794600 
.798793 
.792987 
.792183 

10.791381 
.790580 
.789780 
.788982 
.788185 
.787389 
.786596 
.785802 
.785011 
.784220 

10.788439 

.782644 
.781858 
.781074 
.780290 
.779508 
.778728 
.777948 
.7?ri70 
.776393 

10.775618 
.774844 
.774071 
.7733ai> 
.77^2529 
.771761 
.770993 
.770227 
.769461 
.768698 

10.767935 
.767174 
.76(>414 
.765655 
.7(M8J)7 
.7f>4141 
.7(»386 
.762682 
.761880 
.761128 

10.760878 
.75U62i) 
.758882 
.758185 
.757890 
.766(>46 
.756903 
.755161 
.754421  . 

10.758681  I 


60 
59 
58 
57 
66 
65 
54 
53 
52 
61 
60 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
88 
87 
86 
85 
34 
88 
3S 
81 
80 

29 
28 
27 
26 
25 
21 
28 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 

n 
10 

9 

8 
7 
0 
5 
4 
8 

1 
0 


Tang. 


99» 


80- 


10" 


COSINES,  TANGENTS,  AND  COTANGENTS. 


169" 


Sine. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
,39 
40 

41 
42 

43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
5? 
58 
£9 
CO 


9.289670 
.240386 
.241101 
.241814 
.242526 
.24323? 
.243947 
.344656 
.245363 
.246069 
.346775 

9.347478 
.348181 
.348883 
.349583 
.350282 
.350980 
.251677 
.252878 
.353067 
.353761 

9.854458 
.255144 
.355834 
.356533 
.357211 
.357898 
.358583 
.259268 
.259951 
.360633 

9.361814 
.361994 
.263673 
.263351 
.364027 
.264703 
.265377 
.266051 
.266723 
.267395 

9.268065 
.268784 
.269403 
.270069 
.2707a5 
.371400 
.273064 
.272726 
.273388 
.374049 

9.274708 
.275367 
.276025 
.276681 
.277387 
.277991 
.278645- 
.279397 
.279948 

9.280599 


D.  1'. 


1.93 


92 

88 
87 
85 
83 
82 
1.78 
1.77 
1.77 
1.72 


.72 
.70 
.67 


1.65 
1.68 
1.62 
1.60 
1.57 
1.57 
1.58 


53 
50 
48 
47 
45 
42 
1.42 
1.88 
1.37 
1.85 


1.38 
1.32 
1.30 
1.27 
1.27 
1.28 
1.28 
1.20 
1.20 
1.17 


,15 
.13 


1.12 


1.10 
1.08 
1.07 
1.08 
1.03 
1.02 
0.98 

0.98 
0.97 
0.98 
0.93 
0.90 
0.90 
0.87 
0.85 
0.85 


Cosine. 


Cosine.   I  D.  1". 


9.998351 
.993329 
.993807 
.993284 
.993262 
.993240 
.993217 
.993195 
.993172 
.993149 
.993127 

9.998104 
.993081 
.993059 
.998036 
.993018 
.992990 
.992967 
.992944 
.992921 
.992898 

9.992875 
.992852 
.992829 
.992806 
.992788 
.993759 
.992736 
.992718 
.992690 
.992666 

9.992648 
.992619 
.992596 
.992572 
.992549 
.992525 
.992501 
.992478 
.992454 
.993430 

9.992406 
.992382 
.992359 
.992335 
.992311 
.992287 
.993368 
.992239 
.992214 
.992190 

9.993166 
.992142 
.992118 
.992093 
.992069 
.992044 
.992020 
.991996 
.991971 

9.991947 


D.  1*. 


.87 
.37 
.88 
.87 
.37 
.38 
.37 
.38 
.88 
.87 
.88 

.88 
.87 
.oo 
.88 
.88 
.88 
.88 
.88 
.88 
.88 

.88 
.88 
.88 
.88 
.40 
.88 
.88 
.88 
.40 
.88 

.40 
.88 
.40 
.88 
.40 
.40 
.88 
.40 
.40 
.40 

.40   . 

.38/ 

.40 

.40 

.40 

.40 

.40 

.42 

.40 

.40 

.40 
.40 
.42 
.40 
.43 
.40 
.40 
.43 
.40 


Sine. 


D.  r. 


Tang. 


9.346319 
.247057 
.347794 
.248530 
.249264 
.249998 
.330730 
.251461 
.252191 
.252920 
.253648 

9.254874 
.255100 
.255824 
.256547 
.257269 
.357990 
.358710 
.359429 
.360146 
.360863 

9.361578 
.262292 
.26a005 
.268717 
.364428 
.365138 
.265847 
.266555 
.267261 
.267967 

9,268671 
.269375 
.270077 
.2710779 
.271479 
.273178 
.272876 
.273573 
.274269 
.274964 

9.275658 
.276351 
.277043 
.277734 
.278424 
.279113 
.279801 
.280488 
.281174 
.281858 

9.282542 
.283225 
.283907 
.284588 
.285268 
.285947 
.286624 
.287301 
.287977 

9.288652 


D.  1' 


Cotang. 


13.30 
13.28 
12.27 
12.23 
12.23 
12.20 
12.18 
12.17 
12.15 
12.13 
12.10 

12.10 
12.07 
12.05 
12.08 
12.02 
12.00 
11.98 
11.95 
11.95 
11.92 

11.90 
11.88 
11.87 
11.85 
11.88 
11.82 
11.80 
11.77 
11.77 
11.73 

11.73 
11.70 
11.70 
11,67 
11.66 
11.68 
11.62 
11.60 
11.58 
11.57 

11.55 
11.53 
11.52 
11.50 
■•1.48 
:i.47 
11.45 
11.43 
11.40 
11.40 

11.38 
11.37 
11.35 
11.33 
11.32 
11.28 
11.28 
11.27 
11.25 


Cotang. 


10.758681 
.752943 
.752206 
.751470 
.750786 
.750002 
.749270 
.748589 
.747809 
.747080 
.746352 

10.745626 
.744900 
.744176 
.743453 
.742781 
.742010 
.741290 
.740571 
.739864 
.789137 

10.788423 
.787708 
.736995 
.736288 
.735572 
.734862 
.734153 
.733446 
.732789 
.782083 

10.731329 
.780625 
.729933 
.729221 
.738621 
.727822 
.737124 
.726427 
.725781 
.725036 

10.724842 
.723649 

.722957 
.722266 
.7^1576 
.720887 
.720199 
.719512 
.718826 
.718142 

10.717458 
.716775 
.716093 
.715412 
.714732 
714063 
.713376 
.712699 
.712028 

10.711348 


60 
59 
58 
57 
56 
56 
54 
58 
53 
51 
50 

49 
48 
47 
46 
46 
44 
43 
43 
41 
40 

39 
38 
37 
36 
35 
34 
38 
83 
81 
30 

29 
28 
27 
26 
26 
34 
38 
23 
31 
30 

19 
18 
17 
16 
15 
14 
13 
13 
11 
10 

9 
8 
7 
6 
5 
4 
8 
2 
1 
0 


D.  r. 


Tang. 


190' 


700 


IV 


TABLE  XXV.— LOGARITHMIC  SINES, 


168* 


Sine. 


0 
1 
2 
8 

4 
5 
6 
7 
8 
0 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

81 
82 
83 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
46 
46 
47 
48 
49 
50 

51 
52 
53 
54 
65 
66 
57 
58 
69 
60 


xoi* 


9.280599 
..281248 
.281897 
.282544 
.288190 
.288836 
.284480 
.285124 
.286766 
.286406 
.287048 

9.287688 
.288326 
.288964 
.289600 
.290236 
.290870 
.291504 
.292137 
.292768 
.298399 

9.294029 
.294658 
.296286 
.296913 
.296539 
.2971(34 
.297788 
.298412 
.299084 
.299665 

9.300276 
.300895 
.301514 
.302132 
.302748 
.303364 
.303979 
.304593 
.805307 
.805819 

9.800430 
.807041 
.807650 
.806259 
.808867 
.809474 
.310080 
.310685 
.311289 
.311898 

9.812495 
.818097 
.318696 
.314297 
.314897 
.815495 
.316092 
.316689 
.817284 

9.817879 


D.  r. 


10.82 
10.82 
10.78 
10.77 
10.77 
10.73 
10.73 
10.70 
10.70 
10.67 
10.67 

10.68 
10.63 
10.60 
10.60 
10.57 
10.57 
10.55 
10.52 
10.52 
10.50 

10.48 
10.47 
10.45 
10.48 
10.42 
10.40 
10.40 
10.37 
10.85 
10.35 

10.32 
10.32 
10.30 
10.27 
10.27 
10.26 
10.23 
10.23 
10.20 
10.18 

10.18 
10.15 
10.15 
10.13 
10.12 
10.10 
10.08 
10.07 
10.07 
10.08 

10.03 
10.02 
9.98 
10.00 
9.97 
9.95 
9.95 
9.92 
9.92 


CoEdne. 


Cosine.  I  D.  1 


9.991947 
.991922 
.991897 
.991873 
.991843 
.991823 
.991799 
.991774 
.991749 
.991724 
.991699 

9.991674 
.991649 
.991624 
.991599 
.991574 
.991549 
.991524 
.991498 
.991473 
.991448 

9.991422 
.991897 
.991872 
.991346 
.991321 
.991295 
.991270 
.991244 
.991218 
.991193 

9.991167 
.991141 
.991115 
.991090 
.991064 
.991088 
.991012 

.990960 
.990984 

9.990908 
.990882 
.990855 
.990829 
.9908a3 
.990777 
.990750 
.990724 
.990697 
.990671 

9.990645 
.990618' 
.99a591 
.990565 
.990538 
.990511 
.990485 
.990458 
.990431 

9.990404 


D.  r. 


.42 
.42 
.40 
.42 
.42 
.40 
.42 
.42 
.42 
.42 
.42 

.42 
.42 
.42 
.42 
.42 
.42 
.43 
.^ 
.42 
.43 

.42 
.42 
.43 
.42 
.43 
.42 
.43 
.48 
.42 
.43 

.48 
.43 
.42 
.43 
.43 
.43 
.43 
.43 
.48 
.43 

.43 
.45 
'.48 
.48 
.48 
.45 
.43 
.46 
.43 
.48 

.46 
.45 
.43 
.45 
.45 
.43 
.45 
.45 
.46 


Tang. 


9.288652 
.288326 
.289999 
.290671 
.291342 
.292013 
.292682 
.293350 
.294017 
.294684 
.296349 

9.296013 
.296677 
.297339 
.298001 
.298662 
.299322 
.299980 
.800638 
.301295 
.301951 

9.802607 
.808261 
.808914 
.304567 
.305218 
.305869 
.806519 
.807168 
.807816 
.306463 

9.309109 
.309754 
.310399 
.311042 
.311685 
.312327 
.812968 
.313608 
.814247 
.314885 

9.815628 
.816159 
.316795 
.817430 
.318064 
.318697 
319330 
.819961 
.320592 
.321222 

9.321851 
.322479 
.323106 
.823733 
.824358 
.324983 
.325607 
.326231 
.326853 

9.327475 


D.  1'. 


Cotang. 


11.23 
11.22 
11.20 
11.18 
11.18 
11.15 
11.13 
11.12 
11.12 
11.08 
11.07 

11.07 
11.08 
11.08 
11.02 
11.00 
10.97 
10.97 
10.95 
10.93 
10.93 

10.90 
10.88 
10.88 
10.86 
10.85 
10.88 
10.82 
10.80 
10.78 
10.77 

10.75 
10.75 
10.72 
10.72 
10.70 
10.68 
10.67 
10.65 
10.68 
10.68 

10.60 
10.60 
10.58 
10.57 
10.55 
10.55 
10.52 
10.52 
10.50 
10.48 

10.47 
10.45 
10.46 
10.42 
10.42 
10.40 
10.40 
10.37 
10.37 


Sine.  I  D.  r.  .  Cotang.  .  D.  1'. 


10.711348 
.710674 
.710001 
.709829 
.706658 
.707987 
.707818 
.706650 
.705963 
.705316  :  51 
.704651  60 


60 
59 
58 
57 
56 
56 
54 
53 
52 


10.700987 
.703823 
.702661 
.701999 
.701838 
.700678 
.700020 
.699862 
.696705 
.698(^9 


10.690691 
.690246 
.689601 
.688058 
.688315 
.687673 
.687082 
.686392 
.686768 
.686116 


49 
48 
47 
46 
45 
44 
48 
42 
41 
40 


10.697393  S9 

.696739  38 

.696066  87 

.696433  36 

.6947B2  35 

.694181  34 

.693481  33 
.692832  I  32 

.692161  31 

.691687  30 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


10.684477  19 

.683841  18 

.688205  17 

.682570  16 

.681936  15 

.681803  14 

.680670  18 

.680039  12 

.679406  11 

.678378  I  10 

10.678149  '  9 

.677521  I  8 

.676894  '  7 

.670267  6 

.676ft42  6 

.675017  .  4 

.674898  I  8 

.678768  2 

.678147  1 

10.672525  )  0 


Tang. 


Q^n 


78* 


12* 


COSINES,  TANGENTS,  AND  COTANaENTS. 


Sine. 


0 
1 
2 

8 
4 
5 
6 

7 

8 

9 

10 

11 
12 
18 
14 
16 
16 
A7 
18 
19 
20 

21 
22 
23 
24 

25 
26 

27 
28 
29 
80 

31 
32 
38 
34 
35 
86 
87 
88 
39 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

61 
62 
68 
64 
55 
56 
67 
68 
59 
60 


9.317879 
.318473 
.319066 
.319658 
.320349 
.320640 
.321430 
.822019 
.322607 
.323194 
.328780 

9.824866 
.324950 
.325534 
.826117 
.326700 
.327281 
.327862 
.328442 
.329021 
.329599 

9.330176 
.:}30753 
.831829 
.831903 
.882478 
.333051 
.383624 
..334195 
.334767 
.885837 

9.386906 
.886475 
.337043 
.337610 
.338176 
.aS8742 
.339307 
.839871 
.840434 
.340996 

9.341658 
.342119 
.342679 
.848239 
.343797 
.344355 
.344912 
.345469 
.346024 
.346579 

9.347184 
.847687 
.348240 
;348792 
.349348 
.349893 
.350443 
.860992 
.a51540 

9.352068 

Cosine. 


D.  1". 


9.90 
9.88 
9.87 
9.85 
9.85 
9.88 
9.82 
9.80 
9.78 
9.77 
9.77 

9.73 
9.73 
9.72 
9.72 
9.68 
9.68 
9.67 
9.65 
9.63 
9.62 

9.62 
9.60 
9.57 
9.58 
9.56 
9.55 
9.52 
9.58 
9.50 
9.48 

9.48 
9.47 
9.45 
9.48 
9.43 
9.42 
9.40 
'9.38 
9.37 
9.37 

9.35 
9.33 
9.33 
9.30 
9.30 
9.28 
9.28 
9.25 
9.25 
9.25 

9.22 
9.22 
9.20 
9.18 
9.17 
9.17 
9.15 
9.13 
9.13 

D.  1". 


Cosine. 


D.  r. 


9.990404 
.990378 
.990361 
.990324 
.99029? 
.990270 
.990243 
.990215 
.990188 
.990161 
.990134 

9.990107 
.990079 
.990052 
.990025 
.989997 
.989970 
.989942 
.9a9915 
.989687 
.  oc}9otX/ 

9.969632 
.989804 
.989777 
.989749 
.989721 
.989693 
.989666 
.989637 
.989610 
.969582 

9.969663 
.969625 
.969497 
.969469 
.989441 
.969413 
.989885 
.989366 
.989328 
.989300 

9.989271 
.989243 
.989214 
.989186 
.989157 
.989128 
.989100 
.969071 
.989042 
.989014 

9.988986 
.968956 
.988927 
.988898 
.988869 
.988840 
.988811 
.988782 
.988753 

9.988724 

Sine, 


.48 
.46 
.45 
.46 
.45 
.46 
.47 
.45 
.45 
.46 
.46 

.47 
.46 
.46 
.47 
.46 
.47 
.45 
.47 
.45 
.47 

.47 
.46 

.47 
.47 
.47 
.47 
.47 
.46 
.47 
.48 

.47 
.47 
.47 
.47 
.47 
.47 
.48 
.47 
.47 
.48 

.47 
.48 
.47 
.48 
.48 
.47 
.48 
.48 
.47 
.48 

.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 

D.  r. 


Tang. 


9.827475 
.328095 
.328715 
.329334 
.329953 
.330570 
.331187 
.331803 
.332418 
.333033 
.333646 

9.334269 
.334871 
.835482 
.836093 
.336702 
.337311 
.337919 
.338527 
.339133 
.339789 

9.340344 
.340948 
.341562 
.342166 
.342767 
.343358 
.343958 
.344558 
.345157 
.845765 

9.346858 
.346949 
.847645 
.348141 
.348785 
.349829 
.349922 
.350514 
.351106 
.361697 

9.852287 

.852876 
.353465 
.354053 
.354640 
.a'55227 
.a55813 
.356398 
.356962 
.357666 

9.358149 
'  .358731 
.&5a313 
.a69893 
.360474 
.361053 
.361632 
.362210 
.362787 

9.303364 

Cotang. 


D.  1'.      Cotang. 


10.38 
10.83 
10.32 
10.32 
10.28 
10.28 
10.27 
10.26 
10.25 
10.22 
10.22 

10.20 
10.18 
10.18 
10.15 
10.16 
10.13 
10.13 
10.10 
10.10 
10.08 

10.07 

10.07 

10.05 

10.03 

10.02 

10.00 

10.00 

9.98 

9.97 

9.97 

9.93 
9.93 
9.98 
9.90 
9.90 
9.88 
9.87 
9.87 
9.85 
9.83 

9.82 
9.82 
9.80 
9.78 
9.78 
9.77 
9.75 
9.73 
9.78 
9.72 

9.70 
9.70 
9.67 
9.68 
9.66 
9.65 
9.63 
9.62 
9.62 


10.672625 
.671905 
.671285 
.670666 
.670047 
.669430 
.668813 
.668197 
.667582 
.666967 
.666354 

10.665741 
.665129 
.664518 
.663907 
.663298 
.662689 
.66!ii081 
.661473 
.660867 
.660261 

10.669656 
.659052 
.668448 
.667845 
.657243 
.656642 
.666042 
.655442 
.654843 
.664245 

10.658647 
.653051 
.652456 
.661859 
.651265 
.650671 
.650078 
.649486 
.648894 
.648303 

10.647713 
.647124 
.646535 
.645947 
.645860 
.644773 
.644187 
.643602 
.643018 
.642434 

10.641851 
.641269 
.640687 
.640107 
.639526 
.638947 
.638368 
.637790 
.637213 

10.636636 


D.  1*.  !    Tang. 


1020 


'All 


IV 


TABLE  XXV.—LOGARITHMIC  SINES, 


168< 


0 
1 
2 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 

24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
87 
38 
39 
40 

41 
42 
48 

44 
45 
46 
47 
48 
49 
60 

51 
52 
53 
54 
65 
66 
57 
58 
59 
60 


Sine. 


9.280599 
..281248 
.281897 
.282644 
.283190 
.288836 
.284480 
.285124 
.285766 
.286408 
.287048 

9.287688 
.288326 
.288964 
.289600 
.290236 
.290870 
.291504 
.292137 
.292768 
.298399 

9.294029 
.294658 
.295286 
.295913 
.296589 
.2971iB4 
.297788 
.296412 
.299084 
.299665 

9.300276 
.300695 
.301514 
.302132 
.302748 
.30aS64 
.303979 
.804593 
.305307 
.805819 

9.806430 
.307041 
.307050 
.806259 
.806867 
.809474 
.310060 
.310685 
.811289 
.811898 

9.312495 
.818097 
.818698 
.814297 
.814897 
.815495 
.316092 
.816689 
.817284 

9.817879 


D.  r. 


10.82 
10.82 
10.78 
10.77 
10.77 
10.73 
10.73 
10.70 
10.70 
10.67 
10.67 

10.68 
10.63 
10.60 
10.60 
10.57 
10.57 
10.55 
10.52 
10.52 
10.50 

10.48 
10.47 
10.45 
10.48 
10.42 
10.40 
10.40 
10.37 
10.35 
10.35 

10.32 
10.32 
10.30 
10.27 
10.27 
10.25 
10.28 
10.23 
10.20 
10.18 

10.18 
10.15 
10.15 
10.13 
10.12 
10.10 
10.08 
10.07 
10.07 
10.08 

10.08 
10.02 
9.98 
10.00 
9.97 
9.95 
9.95 
9.92 
9.92 


Cosine. 


D.  1-. 


'      Cosine.      D.  1 


9.991947 
.991922 
.991897 
.991878 

.991843 
.991823 
.991799 
.991774 
.991749 
.991724 
.991699 

9.991674 
.991649 
.991624 
.991599 
.991574 
.991549 
.991524 
.991496 
.991473 
.991448 

9.991422 
.991897 
.991372 
.991846 
.991821 
.991295 
.991270 
.991244 
.991218 
.991198 

9.991167 
.991141 
.991115 
.991090 
.991064 
.991038 
.991012 

«  JTcFOyoO 

.990960 
.990934 

9.990906 
.990882 
.990655 
.990829 
.990803 
.990777 
.990750 
.990724 
.990697 
.990671 

9.990645 
.990618^ 
.99a591 
.99ft565 
.990538 
.990511 
.990485 
.990458 
.990431 

9.990404 


.42 
.40 
.42 
.42 
.40 
.42 
.42 
.42 
.42 
.42 

.42 
.42 
.42 
.42 
.42 
.42 
.48 
.42 
.42 
.48 

.42 
.42 
.48 
.42 
.48 
.42 
.48 
.48 
.42 
.43 

.43 
.43 
.42 
.43 
.43 
.48 
.48 
.48 
.48 
.43 

.48 
.45 
'.43 
.43 
.43 
.45 
.43 
.45 
.43 
.43 

.45 
.45 
.43 
.45 
.45 
.43 
.45 
.45 
.45 


Tang. 


9.288662 
.289826 
.289999 
.290671 
.291812 
.292018 
.292682 
.293850 
.294017 
.294684 
.295849 

9.296013 
.296677 
.297339 
.298001 
.296662 
.299322 
.299960 
.300638 
.301295 
.301951 

9.802607 
.308261 
.308914 
.304667 
.305218 
.305869 
.306519 
.307168 
.307816 
.808463 

9.809109 
.809754 
.310399 
.311042 
.811685 
.812327 
.312968 
.313608 
.314247 
.314885 

9.815623 
.316159 
.316795 
.317430 
.318064 
.818697 
319330 
.319961 
.320592 
.321222 

9.321851 
.322479 
.323106 
.823738 
.324358 
.324963 
.325007 
.326231 
.326853 

9.327475 


D.  r. 


Cotang. 


11.28 
11.22 
11.20 
11.18 
11.18 
11.15 
11.18 
11.12 
11.12 
11.06 
11.07 

11.07 
11.08 
11.08 
11.02 
11.00 
10.97 
10.97 
10.95 
10.93 
10.98 

10.90 
10.88 
10.88 
10.85 
10.85 
10.88 
10.82 
10.80 
10.78 
10.77 

10.75 
10.75 
10.72 
10.72 
10.70 
10.68 
10.67 
10.05 
10.68 
10.63 

10.60 
10.60 
10.58 
10.57 
10.55 
10.55 
10.52 
10.52 
10.50 
10.48 

10.47 
10.45 
10.45 
10.42 
10.42 
10.40 
10.40 
10.37 
10.37 


10.711348 
.710874 
.710001 
.709829 
.708658 
.707967 
.707318 
.706650 
.705963 
.705816 
.704651 

10.708987 
.708823 
.702661 
.701999 


.700678 
.700020 
.699862 
.696705 
.696049 


.696739 
.696086 
.6954a3 
.694782 
.694131 
.693481 
.692832 
.6921&4 


10.690691 
.690246 
.689601 
.688956 
.688315 
.687678 
.687082 
.686392 
.685768 


10.678149 
.677521 
.676894 
.676267 
.675&42 
.675017 
.674898 
.673769 
.673147 

10.672525 


60 
59 
58 
57 
66 
65 
64 
53 
52 
51 
50 

49 
48 
47 
46 


.701338  ;  45 


44 
43 
42 
41 
40 


10.697893  39 


38 
87 
36 
35 
34 
33 
82 
31 


.691637  30 


29 
28 
27 
26 
25 
24 
23 
22 
21 


.685115  20 

10.684477  I  19 

.683841  ,  18 

.688205  I  17 

.682570  16 

.681936  15 

.681803  14 

.680670  13 

.680089  12 

.679408  11 

.678778  1  10 


9 

8 
7 
6 
5 

4 
3 


I     0 


Sine. 


D.  1'.   .1  Cotang.     D.  1'.   I      Tang. 


XOl' 


Q7n 


12* 


COSINES,  TANGBINTS,  AND  COTANGENTS. 


167" 


Sine. 


0 

9.317879 

1 

.318473 

2 

.319066 

8 

.319658 

4 

.820249 

5 

.320840 

6 

.321430 

7 

.322019 

8 

.322607 

9 

.323194 

10 

.323780 

11 

9.324366 

12 

.324950 

13 

.325534 

14 

.326117 

15 

.326700 

16 

.327281 

0^^ 

.327862 

18 

.828442 

19 

.329021 

20 

.329599 

21 

9.330176 

22 

.•)30753 

28 

.381329 

24 

.331903 

25 

.832478 

26 

.333051 

27 

.333624 

28 

.334195 

29 

.334767 

SO 

.385837 

31 

9.385906 

82 

.386475 

33 

.837048 

34 

.337610 

35 

.388176 

36 

.388742 

37 

.389307 

88 

.389871 

89 

.340434 

40 

.840996 

41 

9.341558 

42 

.342119 

43 

.342679 

44 

.343239 

45 

.343797 

46 

.844355 

47 

.344912 

48 

.345469 

49 

.346024 

50 

.346579 

51 

9.347134 

52 

.847687 

53 

.848240 

54 

;848792 

55 

.349843 

56 

.349898 

57 

.a50448 

58 

.350992 

59 

.a51640 

60 

9.352068 

D.  1'. 


9.90 
9.88 
9.87 
9.85 
9.85 
9.83 
9.82 
9.80 
9.78 
9.77 
9.77 

9.78 
9.78 
9.72 
9.72 
9.68 
9.68 
9.67 
9.65 
9.63 
9.62 

9.62 
9.60 
9.57 
9.58 
9.55 
9.56 
9.52 
9.58 
9.50 
9.48 

9.48 
9.47 
9.45 
9.48 
9.48 
9.42 
9.40 
'9.38 
9.37 
9.37 

9.35 
9.38 
9.33 
9.30 
9.30 
9.28 
9.28 
9.25 
9.25 
9.25 

9.22 
9.22 
9.20 
9.18 
9.17 
9.17 
9.15 
9.13 
9.13 


Cosine. 


D.  r. 


Cosine.  I  D.  1 


«7,  tfW-WK^l 

.990378 
.990351 
.990324 
.990297 
.990270 
.990243 
.990215 
.990188 
.990161 
.990134 

9.990107 
.990079 
.990052 
.990025 
.989997 
.989970 
.989942 
.969915 
.989887 
.989660 

9.989832 
.989804 
.989777 
.989749 
.989721 
.989693 
.989665 
.989637 
.989610 
.9o95o2 

9.989558 
.989525 
.989497 
.989469 
.989441 
.989413 
.989385 
.989356 
.989328 
.989300 

9.989271 
.989243 
.989214 
.989186 
.989157 
.989128 
.989100 
.989071 
.989042 
.989014 

9.988985 
.988956 
.988927 
.988898 
.988869 
.988840 
.988811 
.988782 
.988753 

9.988724 


.43 
.45 
.45 
.45 
.45 
.45 
.47 
.45 
.45 
.45 
.45 

.47 
.45 
.45 
.47 
.45 
.47 
.45 
.47 
.45 
.47 

.47 
.45 
.47 
.47 
.47 
.47 
.47 
.45 
.47 
.48 

.47 
.47 
.47 
.47 
.47 
.47 
.48 
.47 
.47 
.48 

.47 
.48 
.47 
.48 
.48 
.47 
.48 
.48 
.47 
.48 

.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 


Tang. 


9.327475 
.328095 
.328715 
.329334 
.329953 
.330570 
.381187 
.331803 
.332418 
.338088 
.338646 

9.834259 
.334871 
.835482 
.336098 
.336702 
.387311 
.837919 
.838527 
.389138 
.339739 

9.340844 
.340948 
.341552 
.842155 
.342757 
.348358 
.343958 
.344558 
.845157 
.845755 

9.346858 
.346949 
.347545 
.848141 
.848735 
.349829 
.349922 
.850514 
.851106 
.351697 

9.352287 
.a52876 
.a53465 
..S54053 
.354640 
.^55227 
.a'>5813 
.a56398 
.a56982 
.a57566 

9.358149 
•  .358731 
.359818 
.a59893 
.860474 
.861053 
.361682 
.362210 
.362787 
9.3Ga364 


Sine,     I  D.  1".  i;  Cotang. 


D.  r. 


10.38 
10.83 
10.32 
10.32 
10.28 
10.88 
10.27 
10.25 
10.25 
10.22 
10.22 

10.20 
10.18 
10.18 
10.15 
10.15 
10.13 
10.13 
10.10 
10.10 
10.08 

10.07 

10.07 

10.05 

10.03 

10.02 

10.00 

10.00 

9.98 

9.97 

9.97 

9.93 
9.93 
9.93 
9.90 
9.90 
9.88 
9.87 
9.87 
9.85 
9.88 

9.82 
9.82 
9.80 
9.78 
9.78 
9.77 
9.75 
9.73 
9.73 
9.72 

9.70 
9.70 
9.67 
9.68 
9.65 
9.65 
9.63 
9.62 
9.62 


Cotang. 

60 

10.672525 

.6719a5 

59 

.671285 

58 

.670666 

57 

.670047 

56 

.669430 

55 

.668813 

54 

.668197 

58 

.667582 

52 

.666967 

51 

.666354 

50 

10.665741 

49 

.665129 

48 

.664518 

47 

.663907 

46 

.663298 

45 

.662689 

44 

.662081 

48 

.661473 

42 

.660867 

41 

.660261 

40 

10.659656 

39 

.659052 

38 

.658448 

87 

.657845 

86 

.657243 

36 

.656642 

34 

.656042 

33 

.655442 

32 

.654843 

31 

.654245 

80 

10.658647 

29 

.658051 

28 

.652455 

27 

.651859 

26 

.651265 

25 

.650671 

24 

.650078 

28 

.649486 

22 

.648894 

21 

.648803 

20 

10.647713 

19 

.647124 

18 

.646535 

17 

.645947 

16 

.645360 

15 

.644773 

14 

.644187 

13 

.643602 

12 

.643018 

11 

.642434 

10 

10.641851 

9 

.641269 

8 

.640687 

7 

.640107 

6 

.aS9526 

5 

.638947 

4 

.638368 

8 

.637790 

2 

.637213 

1 

10.636636 

0 
/ 

Tang. 

1I120 


't7l 


7V 


id< 


TABLEJ  XXV.-LOGARrraMlO  SiNfifl, 


166< 


/ 

Sine. 

0 

9.862088 

1 

.852635 

2 

.358181 

3 

.853726 

4 

.354271 

5 

.364815 

6 

.855858 

7 

.365901 

8 

.366443 

9 

.356984 

10 

.857524 

11 

9.868064 

12 

.358603 

13 

.359141 

14 

.859678 

15 

.860215 

16 

.360752 

17 

.861287 

18 

.361822 

19 

.362856 

20 

.362889 

21 

9.863422 

28 

.863954 

23 

.864485 

24 

.365016 

25 

.865546 

26 

.866075 

27 

.366604 

28 

.367131 

29 

.867659 

30 

.368185 

31 

9.368711 

82 

.369236 

83 

.369761 

84 

.370285 

35 

.870808 

36 

.87iaso 

37 

.371852 

38 

.372373 

39 

.372894 

40 

.873414 

41 

9.373938 

42 

.374462 

43 

.874970 

44 

.375487 

45 

.376003 

46 

.376519 

47 

.377035 

48 

.377549 

49 

.378063 

50 

.378577 

51 

9-379089 

52 

.379601 

58 

.880113 

54 

.380624 

55 

.381134 

56 

.381648 

57 

.382152 

58 

.382661 

59 

.383168 

60 

9.383675 

Cosine. 


D.  1\ 


9.12 
9.10 
9.08 
9.08 
9.07 
9.05 
9.05 
9.03 
9.02 
9.00 
9.00 

o.  (Ki 

8.97 
8.95 
8.06 
8.95 
8.92 
8.92 
8.90 
8.88 
8.88 

8.87 
8.85 
8.86 
8.83 
8.82 
8.82 
8.78 
8.80 
8.77 
8.77 

8.75 
8.76 
8.72 
8.72 
8.70 
8.70 
8.68 
8.68 
8.67 
8.66 

8.65 
8.68 
8.62 
8.60 
8.60 
8.60 
8.57 
8.. '57 
8.57 
8.53 

8.53 
8.63 
8.52 
8.50 
8.48 
8.48 
8.48 
8.45 
8.45 


Cosine. 


D.  1".  I 


9.988724 
.988696 
.988666 
.988686 
.988607 
.988678 
.968648 
.988619 
.988489 
.988460 
.988430 

9.988401 
.968871 
.968342 
.968312 
.966282 
.968252 
.966223 
.988193 
.968163 
.966133 

9.988108 
.988073 
.988043 
.988013 
.987983 
.987953 
.987922 
.987892 
.987862 
.987832 

9.967801 
.967771 
.967740 
.987710 
.987679 
.987649 
.987618 
.987588 
.987657 
.987626 

9.987496 
.987465 
.987434 
.987403 
.987372 
.987341 
.987310 
.987279 
.987248 
.987217 

9.987186 
.987155 
.987124 
.987092 
.987061 
.987080 
.986998 
.986967 
.986936 

9.986904 


D.  1'. 


Sine. 


.48 
.48 
.50 
.48 
.48 
.50 
.48 
.§0 
.48 
.60 
.48 

.50 
.48 
.50 
.60 
.50 
.48 
.50 
.50 
.50 
.50 

.50 
.50 
.50 
.50 
.50 
.52 
.50 
.60 
.60 
.62 

.50 
.62 
.50 
.62 
.50 
.52 
.50 
.52 
.52 
.50 

.52 
.52 
.52 
.52 
.52 
.52 
.52 
.62 
.52 
.52 

.62 
.52 
.53 
.52 
.52 
.53 
.52 
.52 
.53 


Tang. 


9.863864 
.863940 
.864616 
.365090 
.365664 
.866237 
.366810 
.867882 
.867958 
.868524 
.369094 

9.869668 
.870232 
.870799 
.371367 
.371933 
.372499 
.373064 
.373629 
.874193 
.374756 

9.875819 
.376881 
.376442 
.377003 
.377563 
.378122 
.378661 
.379239 
.379797 
.380354 

9.380910 
.881466 
.882020 
.882575 
.388129 
.388682 
.884284 
.384786 
.885337 
.386888 

9.3864.38 
.386967 
.887586 
.388064 
.388681 
.389178 
.389724 
.390270 
.390815 
.391360 

9.391903 
.392447 
.392989 
.393581 
.894073 
.394614 
.395154 
.395694 
.896233 

9.396771 


108< 


D.  1".  1 1  Cotang. 


£72 


D.  r. 


9.60 
9.56 
9.56 
9.57 
9.66 
956 
9.53 
9.52 
9.52 
9.50 
9.48 

9.48 
9.45 
9.47 
9.48 
9.48 
9.42 
9.42 
9.40 
9.88 
9.88 

9.87 
9.36 
9.85 
9.33 
9.32 
9.32 
9.80 
9.80 
9.28 
9.27 

9.27 
9.28 
9.25 
9.23 
9.22 
9.20 
9.20 
9.18 
9.18 
9.17 

9.16 
9.15 
9.18 
9.12 
9.12 
9.10 
9.10 
9.08 
9.08 
9.05 

9.07 
9.08 
9.08 
9.08 
9.02 
9.00 
9.00 
8.98 
8.97 


Cotang. 


10.686686 
.636060 
.685485 
.634910 
.634836 
.638763 
.688190 
.632618 
.632047 
.631476 
.680906 

10.680837 
.629768 
.629201 
.628633 
.628067 
.627501 
.626936 
.626871 
.625807 
.625244 

10.624661 
.624119 
.623568 
.622997 
.622437 
.021876 
.621319 
.620761 
.620203 
.619646 

10.619090 
.618584 
.617980 
.617425 
.616871 
.616818 
.615766 
.615214 
.614663 
.614112 

10.618568  19 
.618013  ;  18 
.612464  I  17 
.611916  16 
.611869  I  15 
.610622  14 
.610276  IS 
.609780  38 
.609185  11 
.608640  :  10 


60 
59 
58 
57 
56 
65 
64 
63 
62 
51 
60 

49 
48 
47 
46 
46 
44 
48 
42 
41 
40 

89 
88 
87 
86 
85 
34 
33 
82 
31 
30 

29 
28 
27 
26 
26 
24 
23 
22 
21 
20 


D.  1'. 


10.608097 
.607568 
.607011  I 
.606469 
.606927 
.605386 
.604846 
.604306 
.608767 

10.608229 

Tang.    . 


9 
8 
7 
6 
6 
4 
8 
2 
1 
0 


IV 


14- 


COSINES,  TANGENTS,  AND  COTANGENTS. 


0 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
IS 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
M 
35 
36 
37 
38 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
62 
5;3 
54 
55 
56 
57 
58 
59 
60 


Bine. 


D.  r. 


9.383675 

.884182 
.884687 
.885192 
.885697 
.886201 
.886704 
.887207 
.887709 
.888210 
.888711 

9.889211 

.889711 
.890210 
.390708 
.891206 
.891703 
.892199 
.892695 
.393191 
.393685 

9.394179 
.394073 
.395106 
.395a58 
.396150 
.396041 
.397132 
.397021 
,398111 
.398600 

9.399088 
.399575 
.400002 
.400549 
.401085 
.401520 
.402005 
.402489 
.402972 
.408455 

9.408938 
.404420 
.404901 
.4a5382 
.40,')862 
.406841 
.406820 
.407299 
.407777 
.408254 

9.408731 
.409207 
Am)S2 
.410157 
.410(332 
.411106 
.411579 
.412052 
.412524 

9.412996 


8.45 
8.42 
8.42 
8.42 
8.40 
8.38 
8.88 
8.37 
8.36 
8.85 
8.83 

8.38 

8.82 
8.30 
8.80 
8.28 
8.27- 
8.27 
8.27 
8.23 
8.23 

8.23 

8.22 
8.20 
8.20 
8.18 
8.18 
8.15 
8.17 
8.15 
8.13 

8.12 
8.12 
8.12 
8.10 
8.08 
8.08 
8.07 
8.05 
8.05 
8.05 

8.03 
8.02 
8.02 
8.00 
98 
98 
98 
97 
95 
95 


Cosine,  i  D.  1' 


Tang. 


D.l'. 


Cotang. 


7.93 
7.93 
7.92 
7.92 
7.90 
7.88 
7.88 
7.87 
7.87 


L 


■I  Cosine.  '  D.  1'. 


9.966904 
.966873 
.  986^41 
.986809 
.986778 
.986746 
.986714 
.986683 
.986651 
.986619 
.986687 

9.966655 
.966528 
.986491 
.986459 
.986427 
.986395 
.986863 
.986881 
.986299 
.986266 

9.986284 
.986202 
.966169 
.966187 
.986104 
.986072 
.986039 
.986007 
.985974 
.985942 

9.985909 
.985876 
.985843 
.985811 
.986778 
.985745 
.985712 
.985679 
.985646 
.985613 

9.985580 
.9a'>547 
.985514 
.985480 

.985414 
.985381 
.985847 
.9a5814 
.985280 

9.985247 
.985213 
.985180 
.985146 
.985113 
.985079 
.985045 
.985011 
.9^4978 

9.984944 

Sine. 


.52 
.63 
.63 
.62 
.63 
.53 
.52 
.68 
.68 
.68 
.68 

.63 
.68 
.68 
.63 
.68 
.68 
.63 
.63 
.55 
.58 

.68 
.65 
.68 
.65 
.63 
.65 
.53 
.55 
.53 
.65 

.55 
.55 
.53 
.65 
.55 
.5% 
.55 
.55 
.55 
.55 

.55 
.55 
.57 
.55 
.55 
.55 
.57 
.55 
.57 
.65 

.57 
.55 
.57 
.55 
.67 
.57 
.57 
.55 
.57 


9.S96m 
.897809 
.897846 
.898883 
.898919 
.399455 
.399990 
.400624 
.401058 
.401891 
.402124 

9.402656 
.408187 

.408718 
.404249 
.404778 
.405808 
.405836 
.406364 
.406892 
.407419 

9.407946 
.408471 
.406996 
.409521 
.410045 
.410569 
.411092 
.411615 
.412137 
.412658 

9.413179 
.418699 
.414219 
.414738 
.415257 
.415775 
.416293 
.416810 
.417826 
.417642 

9.418858 
.418873 
.419887 
.419901 
.420415 
.420927 
.421440 
.421952 
.422463 
.422974 

9.423484 
.423993 
.4?4503 
.425011 
.425519 
.426027 
.4265^ 
.427041 
.427547 

9.428059 


8.97 
8.95 
8.95 
8.98 
8.98 
8.92 
8.90 
8.90 
8.88 
8.88 
8.87 

8.85 
8.85 
8.86 
8.82 
8.83 
8.80 
8.80 
8.80 
8,78 
8.77 

8.77 
8.75 
8.75 
8.78 
8.73 
8.72 
8.72 
8.70 
8.68 
8.68 

8.67 
8.67 
8.65 
8.65 
8.63 
8.68 
8.62 
8.60 
8.60 
8.60 

8.58 
8.57 
8.67 
8.57 
8.55 
8.55 
8.63 
8.52 
8.52 
8.50 

8.48 
8.50 
8.47 
8.47 
8.47 
8.45 
8.45 
8.43 
8.42 


D.  r.  I  Cotang.  I  D.  1' 


10.608229 
.602691 
.602154 
.601617 
.601061 
.600545 
.600010 
.690476 
.696942 
.696409 
.607876 

10.507844 
.606818 
.696282 
.695751 
.605222 
.604692 
.694164 
.508636 
.603108 
.603681 

10.602056 
.601529 
.691004 
.690479 
.689955 
.680431 
.588906 
.588385 
.687863 
.687342 

10.586821 
.686301 
.685781 
.586262 
.684743 
.684225 
.683707 
.683190 
.682674 
.682158 

10.581642 
.581127 
.580613 
.580099 
.579585 
.579073 
.578660 
.578048 
.577'537  ' 
,577026 

10.576516 
.570007 
.575497 
.574989 
.574481 
.578973 
.578466 
.572959 
.572453 

10.571948 

Tang. 


ii7-A 


16< 


TABtTE  X3Rr.— LOOARITHMTn  SINES, 


164* 


Sine. 


0 
1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
•83 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

61 
52 
53 
54 
55 
56 
57 
58 
69 
60 


I06< 


9.412996 
.413467 
.413938 
.414408 
.414878 
.415347 
.415815 
.416283 
.416751 
.417217 
.417684 

9.418150 
.418615 
.419079 
.419544 
.420007 
.420470 
.420933 
.421395 
.421857 
.422318 

9.422778 
.423238 
.423697 
.424156 
.424615 
.425073 
.425630 
425987 
.426443 
.426899 

9.427354 

.427809 
.428263 
.428717 
.429170 
.429623 
.430075 
.430527 
.430978 
.431429 

9.481879 
.432329 
.432778 
.4a^226 
.433675 
.434122 
.434569 
.435016 
.435462 
.435908 

9.436353 
.436798 
.437242 
.43768a 
.438129 
.488572 
.439014 
.439456 
.439897 

9.440338 


D.  1'. 


Cosine. 


7.85 
7.85 
7.83 
7.83 
7.82 
7.80 


7. 
7. 
7. 
7. 
7. 


80 

80 

77 
78 

77 


7.75 
7.73 
7.75 
7.72 
7.?2 
7.72 
7.70 
7.70 
7.68 
7.67 


7. 
7. 
7. 
7. 
7. 
7. 
7. 
7. 


.67 
.65 
.65 
.65 
.63 
.62 
.62 
.60 
7.60 
7.58 


7.58 
7.57 
7.57 
7.55 
7.55 
7.53 
7.53 
7.52 
7.52 
7.60 

7.60 
7.48 
7.47, 
48 
45 
45 
45 
43 
7.43 
7.42 

7.42 
7.40 
7.40 
7.88 
7.38 
7.87 
7.87 
7.35 
7.35 


D.  r. 


Ooedne. 


9.984944 
.984910 
.984876 
.984842 
.984808 
.984774 
.984740 
.984706 
.984672 
.984638 
.984603 

9.984569 
.984535 
.984500 
.984466 
.984432 
.984897 
.984363 
.984328 

-  .984294 
.984259 

9.984224 
.984190 
.984155 
.984120 
.984085 
.984050 
.984015 
.983981 
.983946 
.983911 

9.983875 
.983840 
,983805 
.983770 
.983735 
.983700 
.988664 
.983629 
.983594 
.983558 

9.983523 
.983487 
.983452 
.988416 
.983881 
.988345 
.968309 
.988273 
.983238 
.988202 

9.983166 
.983180 
.983094 
.983058 
.983022 
.982986 
.982950 
.982914 
.982878 

9.982842 


D.  1'. 


.67 
.57 
.67 
.57 
.67 
.57 
.57 
.57 
.57 
.58 
.57 

.67 

.58 
.57 
.57 
.58 
.57 
.58 
.67 
.58 
.68 

.57 
.58 
.58 
.58 
.58 
.58 
.57 
.58 
.58 
.60 

.58 
.58 
.58 
.58 
.58 
.60 
.58 
.68 
.60 
.68 

.60 
.58 
.60 
.58 
.60 
.60 
.60 
.58 
.60 
.60 

.60 
.60 
.00 
.60 
.60 
.60 
.60 
.60 
.60 


Tang. 


D.  1'. 


9.428052 
.428558 
.429062 
.429566 
.430O<'0 
.430573 
.431075 
.431577 
.432079 
.482580 
.433080 

9.438580 
.434080 
.484679 
.435078 
.435576 
.436078 
.436570 
.437067 
.487563 
.488059 

9.438554 
.439048 
.489543 
.440036 
.440529 
.441022 
.441514 
.442006 
.442497 
.442988 

9.443479 
.448968 
.444458 

AAAQAn 

.445435 
.445923 
.446411 
.446898 
.447384 
.447870 

9.448356 
.448841 
.449326 
.449810 
.450294 
.450777 
.451260 
.451743 
.452225 
.452706 

9.458187 
.453668 
.454148 
.454028 
.455107 
.455586 
.456064 
.456542 
.457019 

9.457496 


8.43 
8.40 
8.40 
8.40 
8.38 
8.37 
8.37 
8.37 
8.35 
8.83 
8.33 

8.33 
8.32 
8.82 
8.30 
8.28 
8.28 
8.28 
8.27 
8.27 
8.25 

8.23 
8.25 
8.22 
8.22 
8.22 
8.20 
8.20 
8.18 
8.18 
8.18 

8.15 
8.17 
8.15 
8.13 
8.13 
8.13 
8.12 
8.10 
8.10 
8.10 

8.08 
8.08 
8.07 
8.07 
8.05 
8.05 
8.05 
8,03 
8.02 
8.02 

8.02 
8.00 
8.00 
7.98 
98 
97 
97 
95 


7.95 


Cotang. 


n 


10.571948  60 

.571442  59 

.670088  58 

.670434  57 

.569930  56 

.569427  55 

.568925  64 

.568423  53 

.667921  52 

.667420  51 

.566920  60 

10.666420  49 

.565920  48 

.666421  47 

.664922  46 

.564424  45 

.563927  44 

.563430  43 

.662933  42 

.562437  41 

.661941  40 

10.561446  39 

.660952  38 

.560457  87 

.559964  36 

.559471  35 

.658978  34 

.558486  33 

.557994  32 

.557503  31 

.557012  30 

10.666621  29 

.556032  28 

.566642  27 

.656058  26 

.654565  25 

.6540rr  24 

.558589  23 

.553102  22 
.552616  I  21 
.552130  ,  ao 

10.551644  I  19 
.551159  I  18 

.550674  17 

.550190  16 

.549706  15 
.549223  I  14 

.548740  IS 

.M8257  12 
.547775  '  11 

.M7394  10 


10.516813 
.546382 
.515858 
.5i:»«2 
.544893 
.514414 
.513936 
.513468 
.542981 

10.512504 


Sine.     I  D.  1'.   il  Cotang.  1  D.  1*.   I     Tang. 


fV7A 


9 

8 

t 

6 

5 

4 

S 

2 

1 

0 


74c 


TABLE  XXV. -LOGARITHMIC  SINES, 


m' 


Sino. 


9.465985 
.466348 
.466761 
.467173 
.467585 
.467996 
.468407 
.468817 
.469227 
.469637 
.470046 

9.470455 
.470863 
.471271 
.471679 
.472086 
.472492 
.472898 
.473804 
.478710 
.474115 

9.474519 
.474923 
.475327 
.475730 
.476133 
.476536 
.476938 
.477340 
.477741 
.478142 

9.478548 
.479942 
.479342 
.479741 
.480140 
.480589 
.480937 
,481884 
.481731 
.482128 

9.482625 

.482921 
.483816 
.483712 
.484107 
.484501 
.484895 
.485289 
.485682 
.486075 

9.486467 
.486860 
.487251 
.487643 
.488034 
.488424 
.488814 
.489204 
.489593 

9.489982 


D.  1'. 


6.88 
6.88 
6.87 
6.87 
6.85 
6.85 
6.83 
6.83 
6.83 
6.82 
6.82 

6.80 
6.80 
6.80 
6.78 
6.77 
6.77 
6.77 
6.77 
6.75 
6.78 

6.73 
6.73 
6.72 
6.72 
6.72 
6.70 
6.70 
6.68 
6.68 
6.67 

6.67 
6.67 
6.65 
6.65 
6.65 
0.63 
6.62 
6.62 
6.62 
6.62 

6.60 
6.58 
6.60 
6.58 
6.57 
6.57 
6.57 
6.55 
6.55 
6.53 

6.55 
6.52 

6.53 
6.52 
6.50 
6.50 
6.50 
6.48 
6.48 


Cosine,  i  D  1* 


Cosine. 


9.980596 
.980568 
.980519 
.980480 
.960442 
.980403 
.980364 
.980325 
.960286 
.980247 
.980208 

9.960169 
.960130 
.960091 
.980052 
.980012 
.979973 
.979934 
.979895 
.979855 
.979816 

9.979776 
.979787 
.979697 
.979658 
.979618 
.979579 
.979589 
.979499 
.979459 
.979420 


9 


,979880 
,979840 
,979800 
.979260 
.979220 
.979180 
.979140 
.979100 
.979059 
.979019 

9.978979 
.978939 
.978898 
.978858 
.978817 
.978777 
.978737 
.978606 
.978655 
.978615 

9.978674 
.978533 
.978493 
.978452 
.978411 
.978370 
978329 
.978288 
.978!W7 

9.978206 

Sine. 


D.  1". 


.68 
.65 
.65 
.63 
.65 
.65 
.65 
.65 
.65 
.65 
.65 

.65 
.65 
.65 
.67 
.65 
.65 
.65 
.67 
.65 
.67 

.65 
.67 
.65 
.67 
.65 
.67 
.67 
.67 
.66 
.67 

.67 
.67 
.67 
.67 
.67 
.67 
.67 
.68 
.67 
.67 

.67 
.68 
.67 
.68 
.67 
.67 
.68 
.68 
.67 
.68 

.68 
.67 
.68 
.68 
.68 
.68 
.68 
.68 
.68 


Tang. 


D.  1" 


9.485389 
.485791 
.486242 
.486693 
.487143 
.487593 
.488043 
.488492 
.488941 
.489390 
.489688 

9.400286 
.45K)733 
.491180 
.491627 
.492073 
.492519 
.492965 
.493410 
.493854 
.494299 

9.494743 

.495186 
.495680 
.496073 
.496515 
.496957 
.497399 
.497841 
.496282 
.496722 

9.499163 
.499603 
.500042 
.500481 
.500920 
.501359 
.501797 
.502235 
.502672 
.603109 

9.503546 

.503982 
.504418 
.504854 
.5ft>289 
.505724 
.506159 
.506593 
.507027 
.507460 

9.507898 
.508326 
.508759 
.509191 
.509622 
.510054 
.510485 
.510916 
.5il346 

9.511776 


7.53 
7.52 
7.52 
7.50 
7.50 
,50 
.48 
,48 
,48 
.47 
.47 


7.45 
7.46 
7,45 


,43 
43 
43 
42 
,40 
42 
,40 


7.88 
7.40 
7.38 
87 
87 
87 
87 
85 


7.33 
7.35 

7.33 


82 
82 
82 
82 
80 
7.80 
7.28 
7.28 
7.28 

7.27 
7.27 
7.27 
7.25 
7.25 
7.25 
7.23 
7.23 
7.23 
7.22 


7.22 
7.22 


7. 
7. 
7. 
7. 
7. 


.20 
.18 
.20 
,18 
,18 
7.17 
7.17 


D.  V.   I ,  Cotang.  |  D.  1' 


ttib 


Cotang.  : 


10.514661  60 

.514209  59 

.513758  i  58 

.513307  '  57 

.512857  56 

.512407  55 

.511957  ,  54 

.511508  53 

.511059  52 

.510610  51 

.510162  SO 

10.509714  49 

.509267  48 

.508820  47 

.506873  46 

.507927  45 

.507481  44 

.507035  43 

.506690  42 

.606146  41 

.606701  j  40 

10.606S67  99 

.604614  38 

.504370  j  87' 


.609927 
.603485 
.508043 


36 
35 
34 


.502601  ,  33 
.602159  82 


.601718 
.501278 


SI 
80 


10.600637  29 
.600897  28 
.499958  I  27 
.499519  ,  26 
.499060  I  85 
.496641  I  24 
.496203  23 
.497765  22 


.497828 
.406891 


21 
20 


10.496454  19 
.496018  I  18 
.495582  1  17 
.495146  16 
.494711  ;  15 
.494276  14 
.493841  18 
.498407  ;  12 
.492973  I  11 
.492540  10 


10.492107 

9 

.491674 

8 

.491^1 

7 

.490809 

6 

.490878 

5 

.489946 

4 

.469515 

8 

.489064 

8 

.4866^4 

1 

10.468224 

0 

Tang. 


ir 


18< 


COSINES.  TAxNGENTS,  AND  COTANGENTS. 


16V 


13 
14 

15 
16 
17 

18 
19 
20 

31  9.496064 
22  I  .496444 
.496825 
.499204 


23 
24 
25 
26 
27 
28 
29 
80 

31 
32 
33 
34 

85 
36 
87 

88 
39 
40 

41 
42 
43 
44 

45 
46 

47 
48 
49 
SO 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Sine. 


0  9.489982 

1  .490371 

2  I  .490759 
8  .491147 

4  .491585 

5  .491922 

6  .492308 

7  .492095  ' 

8  .493081 

9  ,  .493466 

10  !  .498851 

11  9.494286 

12  .494621 
.496005 
.405888 
.4*772 
.496154 
.496687 
.496919 
.497801 
.497682 


D.r. 


.499584 
.499963 
.500843 

.500721 
.501099 
.501476 

9.501864 
.502231 

.508607 
.502984 
.506^360 
.508735 
.504110 
.604485 
.504860 
.505234 

9.506608 

.506981 
.506354 
.506727 
.507099 
.507471 
.507843 
.508214 
.508585 
.508956 

9.509826 
.509696 
.510065 
.510434 
.510803 
.511172 
.511540 
.511907 
.612275 

9.512642 


Cosine. 


6.48 
6.47 
6.47 
6.47 
6.45 
6.48 
6.4^ 
6.48 
6.42 
6.42 
6.42 

6.42 
6.40 
6.88 
6.40 
6.37 
6.38 
6.87 
6.37 
6.85 
6.85 

6.83 
6.85 
6.32 
6.33 
6.82 
6.82 
6.82 
6.80 
6.28 
6.30 

6.28 
6.27 
6.28 
6.27 
6.25 
6.26 
6.25 
6.25 
6.28 
6.23 

6.22 
6.22 
6.22 
6.20 
6.20 
6.20 
6.18 
6.18 
6.18 
6.17 

6.17 
6.15 
6.15 
6.15 
6.15 
6.18 
6.12 
6.13 
6.12 


Cosine. 


9.978206 
.978165 
.978124 
.978083 
.97804<.' 
.978001 
.977959 
.977918 
.977877 
.977835 
.977794 

9.977762 
.977ni 
.977669 
.977628 
.977586 
.977544 
.977603 
.977461 
.977419 
.977377 

9.977835 
.977293 
.977251 
.977209 
.977167 
.977125 
.977083 
.977041 
.976900 
.976957 

9.976914 
.976872 
.970830 
.976787 
.976745 
.976702 
.976660 
.976617 
.976574 
.976532 

9.976489 
.976446 
.976404 
.976361 
.976818 
.970275 
.9762:32 
.976189 
.97'6146 
.976103 

9.076060 
.976017 
.975974 
.975930 
.975887 
.975844 
.975800 
.075757 
.975714 

9.975670 


D.r. 


Tang. 


.68 
.68 
.68 
.68 
.68 
.70 
.68 
.68 
.70 
.68 
.70 

.68 
.70 
.68 
.70 
.70 
.68 
.70 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.72 

.70 
.70 
.72 
.70 
.72 
.70 
.718 
.72 
.70 
.72 

.72 


.70  i, 

.72 

.72 

.72 

.7^2 

.72 

.72 

.72 

.72 

.72 

.72 
.73 
.72 
.72 
.773 
.72 
.72 
.73 


D.r. 


9.511776 
.512206 
.512685 
.513064 
.513493 
.513921 
.514349 
.514777 
.515204 
.515681 
.516057 

9.516484 
.516910 
.517335 
.517761 
.518186 
.518610 
.519034 
.519458 
.519882 
.520305 

9.520728 
.521151 
.621573 
.521995 
.522417 
.522838 
.523259 
.523680 
.524100 
.524520 

9.524940 
.525359 
.525778 
.526197  i 
.526015 
.527033 
.527451 
.527868 
.528285 
.528702 

9.529119 
.529.535 
.520951 
.5.S0366 
.530781 
.5531196 
.5.31011 
.532025 
.532439 
.532853 

9.533266 
.533679 
.534092 
.534504 
..5.34916 
.535328 
..5.35739 
.5.361.50 
.5.30561 

9.536972 


7.17 
7.15 
7.15 
7.15 
7.13 
7.13 
7.13 
7.12 
7.12 
7.10 
7.12 

7.10 

7.08 
7.10 
7.08 
7.07 
07 


07 
07 
05 
.05 


7.05 
7.03 
7.03 
7.03 

7.02 
7.02 
7.02 
7.00 
7.00 
7.00 


6.98 
6.98 
6.98 
6.97 
6.97 
6.97 
6.95 
6.95 
6.95 
6.95 

6.98 
0.93 
6.92 
6.92 
6.92 
6.92 
6.90 
6.90 
6.90 
6.88 

6.88 
6.88 
6.87 
6.87 
6.87 
6.85 
6.85 
6.85 
G.a5 


Cotang. 

/ 

10.488224 

60 

.487794 

59 

.487365 

58 

.486986 

57 

.486507 

56 

.486079 

56 

.485651 

54 

.485223 

53 

.484796 

52 

.484869 

51 

.483943 

50 

,  10.483516 

49 

'   .483090 

48 

.482665 

47 

.482239 

46 

.481814 

45 

.481890 

44 

.480966 

43 

.480542 

42 

.480118 

41 

.479695 

40 

10.479272 

39 

.478849 

38 

D.  1*.  I;  Sine.  I  D.  1'.  ||  Cotang.  i  D.  1'. 


.478427  I 

.47H005 

.477583 

.477162 

.476741 

.47(5320 

.475900 

.47.5480 

10.47,5060 
.474641 
.474222 
.4738aS 
.47a385 
.472967 
.472549 
.472132 
.471715 
.471298 

10.470881 
.4704a5 
.470049 
.4696.^  I  16 
.469219  !  15 
.468804  '  14 
.468;389 
.467975 
.467561 
.467147 

10.466784 

.466.321 

.465908 

.405496 

.46.5084 

.464672 

.464261 

.463850 

.46:3439 
10.4ft3028 

Tang. 


108* 


327 


Tl° 


lO* 


TABLE  XXV.-LOGARITHMIC  SINES; 


160* 


0 
1 
2 
8 
4 
5 
6 
7 
S 
9 
10 

n 

12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
58 
54 
66 
56 
57 
58 
59 
60 


Sine. 


9.512642 
.513009 
.518375 
.513741 
.514107 
.514472 
.514837 
.515202 
.515566 
.615930 
.616294 

9.516657 
.517020 
.517882 
.517745 
.518107 
.518468 
.518829 
.519190 
.519551 
.519911 

9.520271 
.520631 
.520990 
.521819 
.521707 
.522066 
.522424 
.522781 
.523138 
.523495 

9.528852 
.624208 
.524504 
.524920 
.625275 
.525630 
.525984 
.5263:39 
.526:5^3 
.527046 

9.527400 
.527753 
.52810.-, 
.528458 
.528810 
.529161 
.629513 
.529864 
.530215 
.630565 

9.530915 
.531265 
.531614 
.531963 
.532312 
.532661 
.533009 
.53aTjr 
.53:^704 

9.534052 


D.  1-. 


Cosine. 


6.12 
6.10 
6.10 
6.10 
6.(.8 
6.06 
6.08 
6.07 
6.07 
6.07 
6.06 

0.05 
6.08 
6.05 
6.03 
6.02 
6.02 
6.02 
6.02 
6.00 
6.00 

6.00 
6.98 
5.98 
5.97 
5.98 
5.97 
6.95 
5.95 
5.96 
6.96 

5.93 
5.93 
6.93 
6.92 
5.92 
5.90 
6.92 
6.90 
5.88 
5.90 

5.88 
5.87 
5.88 
5.87 
5.86 
5.87 
5.85 
5.85 

5. as 

5.83 

5.83 
5.82 
5.82 
5.82 
5.82 
5.80 
5.80 
5.78 
5.80 


9.97667t) 
.975627 
.975583 
.975639 
.975496 
.976462 
.976406 
.975366 
.975321 
.976277 
.975238 

9.975189 
.975145 
.975101 
.975057 
.975013 
.974969 
.974925 
.974880 
.974836 
.974792 

9.974748 
.974703 
.974669 
.974014 
,974670 
.974525 
.974481 
.974436 
.974391 
.974347 

9.974302 
.974257 
.974212 
.974107 
.97412.i 
.974077 
.974032 
.973967 
.973942 
.9r38J7 

9.973852 
.97JJ807 
.973701 
.973716 
.973671 
.973G25 
.973580 
.978535 
.973489 
.978444 

9.978398 
.973a52 
.973307 
.973261 
.973215 
.973169 
.973124 
.973078 
.973032 

9.97^^986 


D.  r. 


.72 
.73 
.73 
.72 
.78 
.78 
.72 
.78 
.73 
.78 
.78 

.73 
.73 
.73 
.73 
.73 
.78 
.75 
.73 
.73 
.73 

.75 
.73 
.75 
.73 
.75 
.73 
.75 
.76 
.73 
.75 

.75 

.75 

.75 

.75 

.75 

.75 

.75 

.75 

.75  i 

.75  I 

.  <5 

.77 
.75 
.75 
.77 
.75 
.75 
.77 
.75 
.77 

.77 
.75 
.77 
.77 
.77 
.75 
.77 
.77 
.77 


Tang. 


9.586972 
.587382 
.537792 
.588202 
.588611 
.589020 
.589429 
.639887 
.540246 
.640658 
.641061 

9.641468 
.541875 
.542281 
.542688 
.648094 
.543499 
.543905 
.644310 
.544715 
.545119 

9.645524 

.54C9!<:8 
.5468:31 
.5407-S5 
.547138 
.547540 
.M7943 
.54^345 
.54f747 
.549149 

9.549560 
.549951 
.550:352 
.650752 
.661153 
.651552 
.651952 
.662351 
.552750 
.553149 

9.558.'>48 
.653»46 
.554844 
.554741 
.555139 
.55  636 
.555933 
.56(5329 
.556725 
.567121 

9.557617 
.557918 
.558308 
.558703 
.559097 
.559491 
.559885 
.560279 
.560673 

9.561066 


D.  r. 


'    I  Cosine.  I  D.  1'.   1 1     Sine.        D.  1".   ,1  Cotang.  I  D.  1'.   I     Tang. 


6.88 
6.88 
6.88 
6.82 
6.82 
6.82 
6.80 
6.80 
6.80 
6.80 
6.78 

6.78 
6.77 
6.78 
6.77 
6.75 
6.77 
6.75 
6.75 
6.78 
6.75 

6.73 

6.72 
6.78 
6.72 
6.70 
6.7^ 
6.70 
6.70 
6.70 
6.68 

6.68 
6.68 
6.67 
6.68 
6.65 
6.67 
6.65 
6.65 
6.66 
6.65 

6.63 
6.63 
6.62 
6.68 
6.62 
6.62 
6.60 
6.60 
6.60 
6.60 

6.60 
6.68 
6.68 
6.57 
6.57 
6.57 
6.57 
6.57 
6.65 


Cotang. 


10.468028 
.462618 
.462206 
.461798 
.461889 
.460960 
.460571 
.460168 
.459755 
.458847 
.458039 

10.468582 
.458125 
.467719 
.457812 
.466906 
.466601 
.466095 
.455690 
.465285 
.464881 

10.454476 
.464072 
.458669 
.468265 
.452862 
.452460 
.462057 
.451655 
.451258 
.450851 

10.450450 
.450049 
.449648 
.449248 
.448847 
.448448 
.448048 
.447649 
.447250 
.446851 

10.446462 
.446054 
.445666 
.445250 
.444861 
.444464 
.444067 
.448671 
.448275 
.442879 

10.442488 
.442067 
.441692 
.441207 
.440008 
.440600 
.440115 


60 
50 
58 
57 
56 
66 
64 
68 
52 
51 
60 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

89 
88 
87 
86 
85 
84 
88 
82 
81 
80 

!» 

28 
!  27 
:  26 
25 
24 
23 
22 
21 
20 

10 
18 
17 
16 
16 
14 
13 
12 
11 
10 


10.488084 


loe*. 


0 
8 
7 
6 
5 
4 
8 
2 
1 
0 


7©- 


o«o 


COSINES,   lAJSiiJCrJlTS.  AMD  COTANaFNTS. 


16! 


0 

1 

2 

3 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 

14 
16 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
82 
88 
84 
85 
86 
87 
88 
39 
40 

41 
42 
43 
44 
46 
46 
47 
48 
49 
60 

51 
62 
58 
54 
65 
66 
57 
68 
59 
60 


Sine. 


9.634052 
.534399 
.534745 
.635092 
.586438 
.635783 
i  .636129 
.636474 
.636818 
.637163 
.637507 

9.587851 
.638194 
.638638 
.538880 
.63922) 
.639566 
.539907 
.540249 
.640590 
.540931 

9.541272 
.641613 
.541953 
.542293 
.542632 
.642971 
.543310 
.643649 
.543967 
.544325 

9.544668 
.546000 
.546838 
.645674 
.546011 
.646347 
.546683 
.547019 
.647354 
.547689 

9,548024 
.548359 
.548693 
.549027 
.649860 
.649698 
.660026 
.550369 
.550692 
.561024 

9.651356 

.551687 
.552.18 
.552349 
.552680 
.553010 
.563341 
.553670 
.554000 
9.554329 


D.  r. 


6.78 
5.77 
5.78 
5.77 
5.75 
5.77 
6.76 
.73 
.75 
.78 
73 


5. 
5. 
5. 
5. 


6.72 
6.78 
5.70 
6.72 
.70 
70 
.68 
.68 
.68 
.68 


5. 
5. 
6. 
6. 
5. 
5. 


5.68 
6.67 
6.67 
65 
65 
65 
65 
68 
63 
68 


6.62 
6.63 
5.60 
5.62 
6.60 
5.60 
5.60 
5.58 
5.58 
5.58 


6 
6 
5 
5. 
6. 
5. 
5. 


58 
57 
57 
55 
65 
55 
55 


6.55 
6.53 
5.68 

6.52 
5.52 
5.52 
5.52 
5.50 
5.52 
6.48 
5.50 
5.48 


CkMsine. 


Cosine.  I  D.  1 


9.972986 
.97^2940 
.972894 
.972848 
.972802 
.972756 
.972709 
.972663 
,972617 
.972570 
.972524 

9.972478 
.972481 
.972886 
.972838 
.972291 
.972245 
.972198 
.9721  M 
.972105 
.972058 

9.972011 
.971964 
.971917 
.971870 
.971823 
.971776 
.971729 
.971682 
.971635 
.971588 

9.971540 
.971493 
.971446 
.971398 
.971351 
.971303 
.971256 
.971208 
.971161 
.971118 

9.971066 
.971018 
.970970 
.970922 
.970874 
.970827 
.970779 
.970781 
.970683 
.970635 

9.970586 
.970538 
.970490 
.970442 
.970394 
.970345 
.970297 
.970219 
.970200 

9.970152 


D.  r. 


.77 
.77 
.77 
.77 
.78 
.77 
.77 
.77 
.78 
.77 
.77 

.78 
.77 
.78 
.78 
.7? 
.78 
.78 
.77 
.78 
.78 

.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.80 

.78 
.78 
.80 
.78 
.80 
.78 
.80 
.78 
.80 
.78 

.80 
.80 
.80 
.80 
.78 
.80 
.80 
.80 
.80 
.82 

.80 
.80 
.80 
.80 
.82 
.80 
.80 
.82 
.80 


Tang. 


D.  r. 


Sine. 


110' 


D.  r. 


a7Q 


9.561066 
.561459 
.561861 
.562244 
.562636 
.5630B28 
.563419 
.663811 
.564202 
.564593 
.564983 

9.565378 
.565763 
.566158 
.666542 
.566932 
.567320 
.667709 
.568098 
.568486 
.56^873 

9.569261 
.560648 
.570035 

I  .570422 
.570809 
.571195 
.571581 
.571967 

I  .572352 
.572738 

9.573128 
.573507 
.573892 
.674276 
.574660 
.675044 
.575427 
.575810 
.576193 
.576576 

9.576959 
.677341 
.577723 
.578104 
.578486 
.578867 
.579248 
.579629 
.580009 
.580389 

9.580769 
.581149 
.581528 
.681007 
.582286 
.582665 
.583041 
.583422 
.583800 

9.584177 


Cotang. 


6.66 
6.53 
6.55 
6.53 
6.53 
6.52 
6.58 
6.52 
6.52 
6.50 
6.50 

6.50 
6.60 
6.48 
6.50 
6.47 
6.48 
6.48 
6.47 
6.46 
6.47 

6.46 
6.46 
6.45 
6.45 
6.48 
6.43 
6.43 
6.42 
6.43 
6.42 

0.40 
6.42 
6.40 
6.40 
6.40 
6.38 
6.38 
6.38 
6.38 
6.38 

6.37 
6.37 
6.36 
6.37 
6.35 
6.35 
6.35 
6.33 
6.83 
6.33 

6.33 
6.32 
6.32 
6.32 
6.32 
6.32 
6.30 
C.30 
C.28 


D.  r 


Cotang. 


10.438934 
.438541 
.438149 
.437756 
.437864 
.436972 
.436581 
.436180 
.435798 
.435407 
.435017 

10.434627 
.434237 
.4;)3847 
.483458 
.433068 
.432680 
.432291 
.431902 
.481514 
.431127 

10.430739 
.430352 
.420966 
.429578 
.429191 
.428805 
.428419 
.428033 
.427648 
.427262 

10.42C877 
.426493 
.426108 
.425724 
.425340 
.424956 
.424573 
.424190 
.428807 
.423424 

10.423041  19 

.422659  18 

.422277  17 

.421896  ;  16 

.421514  '  15 

.421133  I  14 

.420752  13 

.420371  12 

.419991  11 

.419611  10 


10.419231 
.418851 
.418472 
.418093 
.417714 
.417335 
.416956 
.416578 
.410200 

10.415823 


9 
8 
7 
6 
6 
4 
3 
2 
1 
0 


Tang. 


69 


21- 


TABLE  XXV.-LOGARITHMIC  SINES. 


168« 


Sine. 


D.  1". 


0 

1 
2 
3 

4 
5 
6 
?■ 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

81 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

OX 

52 
53 
54 
55 
56 
57 
58 
59 
60 


9.554329 
.554658 
.554987 
.555815 
,555643 
.556971 
.556299 
.556626 
.556953 
.557280 
.557606 

9.557982 
.558258 
.558583 
.558909 
.559234 
.559558 
.559883 
.560207 
.560531 
.560855 

9.561178 
.561501 
.561824 
.562146 
.562468 
.562790 
.563112 
.563433 
.563755 
.564075 

9.564396 
.564716 
.565036 
.565356 
..565676 
.565995 
.566314 
.566633 
.566951 
.567269 

9.567587 
.567904 
.568222 
.568539 
.568856 
.569172 
.569488 
.569804 
.570120 
.570435 

9.. 570751 
.571066 
.571380 
.571695 
.572009 
.572323 
.572636 
.5?2950 
.573263 

9.573575 


5.48 
5.48 
5.47 
5.47 
5.47 
5.47 
5.45 
5.45 
5.45 
5.43 
5.48 


48 
42 
43 
42 

40 
42 
,40 
40 
,40 


5.38 

5.38 
5.38 
5.37 
5.37 
5.37 
5.37 
5.35 
5.37 
5.33 
5.35 

5.33 
5.33 
5.33 
5.33 
5.32 
5.32 
5.30 
5.32 
5.30 
5.30 

5.28 
5.30 
5.28 
5.28 
5.27 
5.27 
5.27 
5.27 
5.25 
5.27 


23 

OK 


5.25 

5 

5 

5.23 

5.23 

5.22 

5.23 

5.22 

5.20 


Cosine. 


9.970162 
.970103 
.970055 
.970006 
.969957 
.969909 
.969860 
.969811 
.969762 
.969714 
.969666 

9.969616 
.969567 
.969518 
.969469 
.969420 
.969370 
.969321 
.969272 
.969223 
.969173 

9.969124 
.969075 
.969025 
.968976 
.968926 
.968877 
.968827 
.968777 
.968728 
.968678 

9.968628 
.968578 
.968528 
.968479 
.968429 
.968379 
.968329 
.968278 
.968228 
.968178 

9.968128 
.968078 
.968027 
.967977 
.967927 
.967876 
.967826 
.967775 
.967725 
.967674 

9.967624 
.967573 
.967522 
.967471 
.9(57421 
.967370 
.967319 
.967268 
.967217 

9.967166 


D.  1'. 


.82 
.80 
.82 
.82 
.80 
,82 
.82 
.82 
.80 
.82 
,82 

,82 
,82 
,82 
.82 
.88 
.82 
.82 
.82 
.83 
.82 

,82 
.83 
,82 
,83 
.82 
.83 
.83 
.82 
.83 
.83 

.83 
.83 
.82 
.83 
.83 
.83 
.85 
.83 
.83 
,83 

.83 

,a5 

.83 
.83 
.85 
.83 

.m 

.83 
.&5 
.83 

.a5 

.85 
.85 
.83 
.85 
.85 
.85 
.85 
.85 


Tang:. 


D.  r. 


9 


9 


584177 
584565 
584932 
,585309 
,685686 
,586062 
,586439 
,586815 
,587190 
.687566 
, 587 941 

.586816 
.588691 
.689066 
.689440 
.689814 
.690188 
.590562 
.590935 
.591308 
.591681 

9.592054 
.592426 
.592799 
.593171 
.593542 
.593914 
.594285 
.594656 
.596027 
.695398 

9.595768 
.596138 
.596608 
.596878 
.51;7247 
.597616 
.597985 

•.598354 
.598722 
.599C91 

9.599459 
.599827 
.600194 
.600562 
.600929 
.601296 
.601663 
.602029 
.602395 
.602761 

9.603127 
.603493 
.603858 
.604223 
.604588 
.604953 
.605317 
.605682 
.606046 

9.606410 


6.80 

6.28 
6.28 
6.28 
6.27 
6.28 
6.27 
6.26 
6.27 
6.26 
6.26 

6.25 
6.25 
6.28 
6.23 
6.23 
6.28 
6.22 
6.22 
6.22 
6.22 

6.20 
6.22 
6.20 
6.18 
6.20 
6.18 
6.18 
6.18 
6.18 
6.17 

6.17 
6.17 
6.17 
6.15 
6.15 
6.15 
6.15 
6.13 
"6.15 
6.18 

6.18 
6.12 
6.18 
6.12 
6.12 
6.12 
6.10 
6.10 
6.10 
6.10 

6.10- 

6.08 

6.08 

6.08 

6.08 

6.07 

6.08 

6.07 

6.07 


Cotang. 


10.415823 
,415445 
,415068 
.414691 
.414814 
.418988 
.418561 

.  .418186 
,412810 
.412484 
.412059 

10.411684 
.411809 
.410934 
.410660 
.410186 
.409812 
.409438 
.409065 
.408692 


Cosine.  I  D.  1".   , !     Sine,    I  D,  r.   ,  I  Cotang.  I  D.  V.        Tang.    I  ' 


10.407946 
.407574 
.407201 
.406829 
.406458 
.406086 
.405715 
.405844 
.404973 
,404602 

10.404232 
.403862 
.403492 
.403122 
.402753 
.402384 
.402015 
.401646 
.401278 
.400909 

10.400541 
.400173 
.399806 
.899438 
.399071 
.898704 
.396887 
.897971 
.897605 
.897289 

10.896878 
.3965U7 
.896142 
.395777 
.395412 
.395047 
.894683 
.894818 
.898954 

10.898590 


60 
59 
68 
57 
56 
55 
54 
53 
62 
51 
60 

49 
48 
47 
46 
45 
44 
43 
42 
41 


.408819     40 


89 
88 
37 
86 
36 
34 
83 
82 
81 
80 

29 
28 
27 
2t 
25 
24 
28 
22 
21 
20 

19 

la 

17 

10 

15 
14 
13 
12  i 
11 
10  ' 

9  \ 

8  , 

7  I 
6 

V 
V 


111' 


Ouit 


88* 


COSINEQ.  TANGENTS,  AND  COTANGENTS. 


Ibl* 


Sine. 


0 
1 
2 
8 
4 
fi 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 
29 
SO 

81 
82 
83 
84 
35 
36 
87 
88 
39 
40 

41 
42 
43 

44 
45 
46 
47 
48 
49 
50 

61 
62 
53 
54 
55 
56 
57 
58 
59 
60 


9.678575 

.573888 
.574200 
.574512 
.574824 
.575136 
.575447 
.575758 
.576069 
.576879 
.576689 

9.576999 
.577809 
.577618 
.577927 
.578236 
.578645 
.578853 
.579162 

.  .579470 
.579777 

9.580085 
.580392 
.580699 
.581005 
.581312 
.581618 
.581924 
.582229 
.582535 
.582840 

9.583145 
.583449 
.588754 
.584058 
.584361 
.584665 
.584968 
.585272 
.585574 
.585877 

9.586179 
..586482 
.586783 
.587085 
.587386 
.,'587688 
.587989 
.588289 
.588590 
.588890 

9.. 5891 90 
.589489 
.589789 
.590068 
.590387 
.590686 
.590984 
.591282 
.591580 

9.591878 


D.  r. 


5.22 
5.20 
5.20 
5.20 
5.20 
5.18 
5.18 
5.18 
5.17 
5.17 
5.17 


17 
15 
15 
15 
15 


5.13 
5.15 
5.13 
5.12 
6.13 

5.12 
5.12 
5.10 
5.12 
5.10 
5.10 
5.08 
5.10 
5.08 
6.08 

5.07 
5.08 
5.07 
5.05 
5.07 
5.05 
5.07 
5.03 
6.05 
5.03 

5.05 
5.02 
5.03 
5.02 
5.03 
5.02 
5.00 
5.02 
5.00 
5.00 

4.98 
5.00 


4, 
4, 
4, 

4, 


98 
98 
98 
97 


Cosine. 


4.97 
4.97 
4.97 


Cosine. 


D.  1* 


9.967166 
.967115 
.967064 
.967013 
.966961 
.966910 
.966859 
.966808 
.966756 
.966705 
.966653 

9.966602 
.966650 
.966499 
.966447 

..966895 
.966344 
.966^92 
.966240 
.966188 
.966136 

9.966085 
.966083 
.965981 
.965929 
.965876 
.966824 
.965772 
.965720 
.965668 
.965615 

9.966663 
.966511 
.965458 
.965406 
.965353 
.965301 
.965248 
.965195 
.965143 
.965090 

9.965a37 
.964984 
.964931 
.964879 
.964826 
.964773 
.964720 
.964666 
.964613 
.964560 

9.964507 
.964454 
.961400 
.064347 
.964294 
.9r)4240 
.964187 
.964133 
.964080 

9.964026 


D.  r. 


Bine. 


.85 

.85 
.85 
.87 
.85 
.85 
.85 
.87 
.86 
.87 
.86 

.87 
.86 
.87 
.87 
.85 
.87 
.87 
.87 
.87 
.85 

.87 
.87 
.87 
.88 
.87 
.87 
.87 
.87 
.88 
.87 

.87 
.88 
.87 
.88 
.87 
.88 
.88 
.87 
.88 
.88 

.88 
.88 
.87 
.88 
.88 
.88 
.90 
.88 
.88 
.88 

.88 
.90 
.88 
.88 
.90 
.88 
.90 
.88 
.90 


Tang. 


9.606410 
.806773 
.607137 
.607500 
.607863 
.608225 
.608588 
.608950 
.609312 
.609674 
.610086 

9.610897 
.610759 
.611120 
.811480 
.611841 
.612201 
.612561 
.612921 
.613281 
.618641 

9.614000 
.614369 
.614718 
.616077 
.615435 
.615793 
.616151 
.616509 
.616867 
.617224 

9.617682 
.617939 
.618295 
.618652 
.619008 
.619364 
.619720 
.620076 
.620432 
.620787 

9.621142 
.621497 
.621852 
.622207 
.622561 
.622915 
.628269 
.628623 
.628976 
.624330 

9.624683 
.625036 
.625388 
.625741 
.626093 
.626445 
.626797 
.627149 
.627601 

9.627862 


D.  r. 


Cotang. 


6.06 
6.07 
6.06 
6.05 
6.03 
6.05 
6.03 
6.03 
6.03 
6.03 
6.02 

6.03 
6.02 
6.00 
6.02 
6.00 
6.00 
6.00 
6.(0 
6.00 
5.98 


98 

98 
98 
97 
97 
9/ 
97 
5.97 
5.95 
5.97 

5.95 
6.93 
5.95 
5.93 
5.93 
6.93 
6.93 
5.93 
5.92 
5.92 

5.92 
5.92 
5.92 
6.90 
5.90 
5.90 
5.90 
5.88 
5.90 
5.88 

5.88 
6.87 
5.88 
6.87 
6.87 
87 
87 
87 
85 


10.898690 
.398227 
.392863 
.392600 
.392137 
.891775 
.891412 
.891050 
.890688 
.390826 
.389964 


.379924 
.879568 
.379213 

10.378858 
.37^503 
.378148 
.377793 
.377439 
.377085 
.376731 
.376377 
.376024 
.375670 

10.375317 
.374964 
.374612 
.374259 
.373907 
.373555 
.373203 
.372851 
.872499 

10.372148 


60 
69 
68 
57 
56 
56 
54 
53 
52 
51 
60 


10.889603  49 
.889241  48 
.888880  47 
.888620  46 
.388159  45 
.887799  44 
.387439  43 
.887079  42 
.386719  I  41 
.886S59  I  40 

10.386000  I  89 
.385641  I  88 
.885282  37 
.384923  I  36 
.384565  1  85 
.384207  I  34 
.883849  33 
.883491  32 
.383133  81 
.382776  ,  30 

10.382418  i  29 
.382061  28 
.381705  ;  27 
.381348  26 
.380992  :  25 
.880636  '  24 
.380280  23 


22 

21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 
7 
6 
5 
4 
8 
2 
1 
0 


I).  1' 


Cotanpr.  I  D.  1*.   I     Tang. 


IIZ' 


KHl 


67^ 


2S' 


TABLE  XXV.— LOGARITHMIC  SINES, 


ise* 


0 

Sine. 

0 

9.591878 

1 

.592176 

2 

.592473 

3 

.592770 

4 

.593067 

5 

.593363 

6 

.593().>9 

7 

.593955 

8 

.594251 

9 

.591547 

10 

.594812 

11 

9.595137 

12 

.595432 

13 

.595727 

14 

.596021 

15 

.596315 

16 

.596609 

17 

.596903 

18 

.597196 

19 

.597490 

ao 

.597783 

31 

9.598075 

22 

.59^368 

23 

.598660 

24 

.598952 

23 

.599244 

26 

.599536 

27 

.599827 

28 

.600118 

29 

.600409 

30 

.600700 

81 

9.600990 

32 

.601280 

as 

.601570 

84 

.601860 

85 

.602150 

36 

.602439 

87 

.602728 

38 

.603017 

39 

.603305 

40 

.003594 

41 

^.603882 

42 

.604170 

43 

.604457 

44 

.604745 

45 

.(W5032 

46 

.605319 

47 

.605606 

48 

.605892 

49 

.606179 

50 

.606465 

51 

9.606751 

52 

.607036 

53 

.607322 

54 

.607607 

65 

.607892 

56 

.WS177 

57 

.608401 

53 

.608745 

59 

.(509029 

60 

9.609(^13 

D.  r. 


4. 
4, 

4. 
4. 
4. 


97 
95 
95 
93 
93 


4.93 


4. 
4. 
4, 

4. 
4, 


93 
93 
93 
92 
92 


4.92 
4.92 
4.90 
4.90 
4.90 
4.90 
4.88 
4.90 
4.88 
4.87 

4.88 
4.87 
4.87 
4.87 
4.87 
4.85 
4.a5 
4.a5 
4.85 
4.83 

4.88 
4.83 
4.83 
4.83 
4.82 


82 
82 
80 
82 
80 


4.80 
4.78 
4.80 
4.78 
4.78 
4.78 
4.77 
4.78 
4.77 
4.77 

4.75 
4.77 
4.75 
4.75 
4.75 
4.73 
4.7:i 
4.73 
4.73 


Cosine. 


D.  r 


9.964026 
.963972 
.963919 
.963865 
.963811 
.963757 
.963704 
.963650 
.963596 
.96:^542 
.963483 

9.963484 
.968879 
.968823 
.963271 
.963217 
.963163 
.963108 
.963054 
.962999 
.962945 

9.962890 
.962836 
.962781 
.962727 
.962672 
.962617 
.962562 
.962508 
.962453 
.962398 

9.962348 

.962288 
.962283 
.962178 
.962123 
.962067 
.962012 
.961957 
.961902 
.961846 

9.961791 
.961783 
.961680 
.961624 
.961669 
.961513 
.961458 
.961402 
.961846 
.961290 

9.961235 
.961179 
.96112:^ 
.9610(]7 
.961011 
.960935 
.960899 
.900843 
.900786 

9.900730 


.90 
.88 
.90 
.90 
.90 
.88 
.90 
.90 
.90 
.90 
.90 

.92 
.90 
.90 
.90 
.90 
.92 
.90 
.92 
.90 
.92 

.90 
.92 
.90 
.92 
.92 
.92 
.90 
.92 
.92 
.92 

.92 
.92 
.92 
.92 
.93 
.92 
.92 
.92 
.93 
.92 

.93 

.92 

.93 

.92 

.93 

.92' 

.93 

.93 

.93 

.92 

.93 
.93 
.93 
.93 
.93 
.93 
.93 
.95 
.93 


Tans:. 


9.627852 
.028203 
.628554 
.628905 
.629255 
.629606 
.629956 
.630306 
.680656 
.631005 
.631865 

9.681704 
.682053 
.632402 
.632750 
.683099 
.638447 
.683795 
.6^4143 
.634490 
.684888 

9.685185 
.635632 
.635879 
.636226 
.686572 
.636919 
.687265 
.637611 
.687956 
.688802 

9.638647 
.688992 
.639337 
.639682 
.640027 
.640371 
.640716 

•.641060 
.641404 
.641747 

9.642091 
.642434 
.642777 
.643120 
.648463 
.643806 
.644148 
.644490 
.644832 
.645174 

9.645516 
.645}i57 
.646199 
.646540 
.046881 
.647222 
.647562 
.647903 
.648243 

9.648383 


D.  r. 


5.85 
6.85 
6.85 
6.83 
6.85 
5.88 
5.88 
5.88 
5.82 
5.88 
6.82 


6. 
5. 
6. 
6. 


6.82 
6.82 
.80 
.82 
.80 
.80 
5.80 
5.78 
5.80 
5.78 

6.78 
5.78 
5.78 
6.77 
5.78 
5.77 
6.77 
6.75 
5.77 
6.75 

5.75 
5.75 
6.76 
5.76 
5.73 
6.75 
6.78 
6.78 
6.72 
5.78 

6.72 
6.72 
5.72 
5.T2 

6.73 
6.70 
6.70 
6.70 
6.70 
6.70 

5.68 
5.70 


6 
6 
5, 
6 
6 
5. 
6. 


68 
68 
68 
67 
68 
67 
67 


Cotang. 


10.372148 
.871797 
.871446 
.8T1095 
.870745 
.870394 
.870044 
.869694 
.869844 
.368995 
.868645 

10.868296 
.867W7 
.867598 
.867250 
.866901 
.866558 
.866205 
.365857 
.866610 
.865163 

10.364815 
.864468 
.864121 
.868774 
.863428 
.868081 
.862735 
.862889 
.862044 
.861698 

10.861858 
.861008 
.860663 
.360818 
.859973 
.859C29 
.850281 
.858&40 
.358596 
.868253 

10.857900 
.367566 
.857228 
.856880 
.856587 
.866194 
.856852 
.856510 
.855168 
.85ia« 

10.SM484 
.864148 
.858801 
.858460 
.858119 
.852778 
.85^488 
.863097 
.851757 

10.851417 


I'.r.   I,     Sine.     I  D.  r.      Cotang.  |  D.  1".  |     Tang.     I 


KriVl 


ee* 


2^0 


CJOSINES.  TANGENTS,  AND  COTANGENTS. 


155« 


Sine. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
18 
18 
14 
15 
16 
17 
18 
19 

ao 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


42 
43 

44 
45 
46 
47 
48 
49 
50 

51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


9.609813 
.609597 
.609880 
.610164 
.610447 
.610729 
.611012 
.611294 
.611576 
.611858 
.612140 

9.612421 
.612702 
.612983 
.618264 
.618545 
.618825 
.614105 
.614385 
.614665 
.614944 

9.615223 
.615602 
.615781 
.616060 
.616338 
.616616 
.616894 
.617172 
.617450 
.617727 

81  9.618004 


32 
33 
34 
85 
36 
37 
38 
39 
40 


.618^81 
.618658 
.618834 
.619110 
.619386 
.619662 
.619938 
.620213 
.620488 


41  9.620763 


.6210:38 
.621313 
.621587 
.621861 
.622135 
.622409 
.622682 
.622956 
.623229 

9.628502 
.623774 
.624047 
.624319 
.624591 
.624863 
.625135 
.625406 
.625677 

9.625948 


D.  r. 


4.73 
4.72 
4.73 
4.72 
4.70 
4.72 
4.70 
4.70 
4.70 
4.70 
4.68 

4.68 
4.68 
4.68 
4.68 
4.67 
4.67 
4.67 
4.67 
4.65 
4.65 


65 
65 
65 
63 
68 
63 
63 
4.68 
4.62 
4.62 

4.62 
4.62 
4.60 
4.60 
4.60 
4.60 
4.60 
4.58 
4.58 
4.58 

4.58 
4.58 
4.57 
4.57 
4.57 
4.57 
4.55 
4.57 
4.55 
4.55 

4.58 
4.55 
4.58 
4.53 
4.53 
4.58 
4.52 
4.52 
4.52 


Cosine. 


Cosine.  I  D.  1*. 


9.960730 
.960674 
.960618 
.960561 
.960505 
.960448 
.960392 
.960335 
.960279 
.960222 
.960165 

9.960109 
.960052 
.969995 
.969938 
.959882 
.959825 
.959768 
.959711 
.959654 
.959596 

9.959589 
.969482 
.959425 
.959368 
.959310 
.959253 
.959195 
.969138 
.959080 
.959023 

9.958965 
.968908 
.958850 
.958792 
.958734 
.958677 
.958619 
.958661 
.958503 
.958445 

9.ft58387 
.958329 
.958271 
.958213 
.958154 
.958096 
.958038 
.957979 
.957921 
.957863 

9.957804 
.967746 
.957687 
.957628 
.957670 
.957;  .11 
.967452 
.957393 
.957335 

9.957876 


D.  r. 


.93 
.93 
.95 
.93 
.95 
.93 
.95 
.93 
.95 
.95 
.93 

.95 
.95 
.95 
.93 
.95 
.96 
.96 
.96 
.97 
.96 

.95 
.95 
.95 
.97 
.95 
.97 
.96 
.97 
.95 
.97 

.95 
.97 
.97 
.97 
.95 
.97 
.97 
.97 
.97 
.97 

.97 
.97 
.97 
.98 
.97 
.97 
.98 
.97 
.97 
.98 

.97 
.98 
.98 
.97 
.98 
.98 
.98 
.97 
.96 


Tang. 


9.648583 
.648923 
.649263 
.649602 
.649942 
.650281 
.650620 
.660959 
.651297 
.661636 
.661974 

9.662312 
.662660 
.662988 
.653326 
.658663 
.654000 
.6&4837 
.664674 
.655011 
.655348 

9.655684 
.656020 
.656356 
.656692 
.657028 
.657364 
.657699 
.658084 
.6583G9 
.658704 

9.659039 
.669873 
.659708 
.660042 
.660376 
.660710 
.661043 
.661377 
.661710 
.662043 

9.662876 

.662709 
.663042 
.6«3375 
.663707 
.664039 
.664371 
.664703 
.665035 
.665366 

9.665698 
.666029 
.666360 
.666691 
.667('21 
.667352 
.667682 
.668013 
.668343 

9.668673 


D.  r.  j  Cotang. 


5.67 
5.67 
5.65 
5.67 
5.65 
6.65 
5.65 
5.63 
5.66 
6.63 
6.63 

5.68 
5.68 
5.63 
5.62 
5.62 


6. 
5. 
5. 
5. 
5. 


62 
62 
62 
62 
60 


6.60 
5.60 
5.60 


5 
5 
5. 
5 


60 
60 

58 
58 


5.58 
5.58 
5.58 

5.57 
5.58 
5.57 
5.57 
5.67 
5.55 
5.57 
5.55 
5.55 
5.65 


.66 
.55 
.55 
.53 
.53 
5.53 
5.53 
6.53 
5.62 
6.58 


6. 
5. 
5. 
5. 
5. 


62 
52 
52 
50 
52 
50 
5.52 
5.50 
5.50 


10.851417  60 
.351077  59 
.350737  i  58 
.350398  i  57 
.350058  56 
.349719  55 
.349380  54 
.849041  53 
.348703  62 
.348364  51 
.348026  60 


10.347688 
.347350 
.347012 
.346674 
.846887 
.346000 
.846668 
.3458S6 

.844652 

10.344316 
.843980 
.348644 
.343308 
.8429?2 
.842636 
.342301 
.341966 
.341631 
.341296 

10.340961 
.840627 
.340292 
.339968 
.339624 
.389290 
.338957 
.338623 
.338290 
.387957 

10.337624 
.337291 
.836958 
.836625 
.836293 
.335961 
.835629 
.335297 
.334965 
.334634 

10.334302 
.333971 
.333640 
.833309 
.832979 
.332648 
.332318 
.3.31987 
.3.31657 

10.331327 


Sine.  I  D.  1".  ,  |  Cotang.  i  D.  1" 


Tang. 


49 
48 
47 
46 
45 
44 
43 
43 
41 
40 

39 
38 
37 
36 

Bn 

34 
33 
32 
31 
80 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


IW 


65* 


25* 


TABLE  X3CV.~LOGARITHMIC  SINES, 


154° 


/ 

Sine. 

0 

9.625948 

•1 

.626219 

2 

.626490 

3 

.626760 

4 

.627030 

5 

.627800 

6 

.627570 

7 

.627840 

8 

.628109 

9 

.628378 

10 

.628647 

11 

9.628916 

1.2 

.629185 

13 

.629453 

14 

.629721 

15 

.629989 

16 

.630257 

17 

.630524 

18 

.630792 

19 

.631059 

20 

.631826 

21 

9.631593 

22 

.631859 

23 

.632125 

24 

.632392 

25 

.632658 

26 

.632923 

27 

.6a3189 

28 

.633454 

29 

.633719 

30 

.633984 

31 

9.634249 

32 

.634514 

33 

.634778 

34 

.635042 

35 

.686306 

36 

.635570 

37 

.635834 

38 

.636097 

39 

.636360 

40 

.636623 

41 

9.636886 

42 

.637148 

43 

.637411 

44 

.637673 

45 

.637935 

46 

.638197 

47 

.638458 

48 

.638720 

49 

.638981 

50 

.639242 

51 

9.639503 

52 

.639764 

53 

.640024 

54 

.640284  ■ 

55 

.640544  I 

56 

.640804 

57 

.641064 

58 

.641324 

59 

.641583 

60 

9.641842 

r 

Cosine. 

D.  1". 


4.52 
4.52 
4.60 
4.50 
4.50 
4.50 
4.50 
4.48 
4.48 
4.48 
4.48 

4.48 
4.47 
4.47 
4.47 
4.47 
4.45 
4.47 
4.45 
4.45 
4.45 

4.43 
4.43 
4.45 
4.43 
4.42 
4.43 
4.42 
4.42 
4.42 
4.42 

4.42 
4.40 

4.40 
4.40 
4.40 
4.40 
4.38 
438 
4.38 
4.38 

4.37 
4.38 
4.37 
4.37 
4.37 


a5 

37 
35 
35 


4.35 
4.35 


.33 
,33 
38 
33 
33 
33 
32 


4.32 


Cosine. 


D.  r. 


9.957276 
.957217 
.957158 
.957099 
.957040 
.956981 
.956921 
.956862 
.956803 
.956744 
.956684 

9.956625 
.956566 
.956506 
.956447 
.956887 
.956327 
.956268 
.956208 
.956148 
.956089 

9.956029 
.955969 
.955909 
.955849 
.955789 
.955729 
.955669 
.955609 
.955548 
.955488 

9.955428 
.955368 
.955807 
.955247 
.955186 
.a55126 
.955065 
.955005 
.954944 
.954883 

9.954823 
.954762 
.954701 
.^54640 
.954579 
.954518 
.954457 
.954396 
.954335 
.954274 

9.954218 
.954152 
.954090 
.954029 
.953968 
.953906 
.0r)3845 
.953783 
.9.53722 

9.953660 


.98 
.98 
.98 
.98 
1.00 
.  tlo 
.9o 

1.00 

.98 
1.00 

.98 
1.00 
1.00 

.96 
1.00 
1.00 

.98 
1.00 


00 

00 

00 

00 

00 

00 

00 

.98 

1.00 

1.00 

1.00 


02 
00 
02 
00 
02 
00 
02 
02 


1.00 

1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 


02 
03 
02 


1.02 
1.03 
1.02 
l.O:^ 
1.02 
1.03 


Tang. 


9.668673 
.669002 
.669882 
.669661 
.669991 
.670320 
.670649 
.670977 
.671306 
.671635 
.671963 

9.672891 
.672619 
.672947 
.678274 
.673602 
.673929 
.674257 
.674584 
.674911 
.675287 

9.675664 
.67^800 
.676217 
.676643 
.676869 
.677194 
.677520 
.677846 
.678171 
.678496 

9.678821 
.679146 
.679471 
.679795 
.680120 
.660444 
.680768 
.681092 
.681416 
I  .681740 

!  9.682068 

I  .682387 
.682710 
.6830a3 
.688856 
.683679 
.684001 
.684324 
.684646 
.664968 

9.685290 
.685612 
.685934 
.686255 
.686577 
.686898 
.687219 
.687540 
.687861 

9.688182 


D.  r. 


5.48 
5.50 
5.48 
5.60 
5.48 
5.48 
5.47 
5.48 
5.48 
5.47 
5.47 


6.47 
5.47 
46 
47 
45 
47 
45 
5.45 
5.43 
5.45 


5. 

5. 
5. 
5. 
5. 
5. 
5. 
5. 


.43 
.45 
.43 
.43 
.42 
.43 
.43 
.42 
5.42 
5.42 


5.42 
5.42 
5.40 
5.42 
5.40 
5.40 
5.40 
5.40 
6.40 
5.38 


40 
38 
38 
88 
38 
87 
38 
87 
37 
37 


37 
87 
85 
37 
35 
6.85 
5.35 
5.35 
5.86 


116^ 


D.  1'.  II     Sine.     I  D.  1'.    i  Cotang.  I  D.  r 


SM4 


Cotang. 


10.3S1827  ;  60 
.380998  I  59 
.380668  58 
.380339  I  57 
.880009  66 
.829680  65 
.329351  54 
.329023  53 
.328694  52 
.828365  51 
.828037  I  50 


10.827r09 
.827381 
.827063 
.826726 
.826898 
.826071 
.825743 
.826416 
.825089 
.824763 

10.324486 
.824110 
.823783 
.823457 
.323131 
.322806 
.829480 
.822154 
.321829 
.821504 

10.821179 
.820864 
.320629 
.320205 
.819680 
.819556 
.819232 
.818908 
.818684 
.318260 

10.817987 
.817613 
.817290 
.310967 
.816&44 
.816321 
.316099 
.816676 
.816854 
.815032 

10.814710 
.814388 
.814066 
.818745 
.818128 
.818102 
.812781 
.812160 
.312139 

10.311818 

Tang. 


49 

'  48 
,  47 

46 
:  45 

44 

43 

42 
>  41 

1^ 

I  ^ 
87 

'»  , 

35 

M 

33 

82 

81 

80 

2S 
I  27 

;  26 

i  25 

I  d4 

2S 
22 

21 

l» 

19 

18 

17 

16 
.  15 

14 

13 

12 

11 

10 

I     8 
7 

I  ^ 
I     5 

4 

S 

4 

4* 

1 

o 


6i« 


28«» 


COSINES,  TANGENTS,  AND  COTANGENTS. 


UZ" 


Sine. 


9.641842 
.64SS101 
.642360 
.642618 
.642877 
.643135 
.643393 
.643650 
.643908 
.644165 
.&i4423 

9.644680 
.044936 
.&45193 
.645450 
.645706 
.645962 
.646218 
.646474 
.646729 
.646984 

9.64T240 

.647494 
.647749 
.648004 
.648258 
.648512 
.648766 
.649020 
.649274 
.649527 

9.649781 

.650034 
.650287 
.650539 
.650792 
.651044 
.651297 
.651549 
.651800 
.652052 

9.652304 
.632555 
.652806 
.658057 
(^8308 
.65.3558 
.658808 
.654059 

.  .654309 
.054558 

9.654808 
.655058 
.655307 
.655556 
.655805 
.666054 
656302 
.&'56551 
.656799 

9.657047 


D.  r. 


4.32 
4.82 
4.30 
4.32 
4.80 
4.80 


,28 
30 
,28 
30 
,28 


4.27 
4.28 
4.28 
4.27 
4.27 
4.27 
4.27 
4.25 
4.25 
4.27 

4.23 
4.25 
4.25 
4.28 
4.23 
4.28 
4.23 
4.28 
4.22 
4.28 

4.22 
4.22 

4.20 
4.22 


4. 
4. 
4. 
4 


20 
22 
20 
18 


4.20 
4.20 

4.18 
4.18 


18 
18 
17 
17 


4.18 
4.17 
4.15 
4.17 

4.17 
4.15 
4.16 
4.15 
4.15 
4.13 
4.15 
4.13 
4.13 


'   Cosine.  I  D.  1'. 


Cosine. 


9.953660 
.953599 
.953537 
.953475 
.953413 
.953352 
.953290 
.953228 
.953166 
.953104 
.953042 

9.953980 

.952918 
.952855 
.952793 
.952731 
.952669 
.952606 
.952544 
.952481 
.952419 

9.952856 
.952294 
.952231 
.952168 
.952106 
.952043 
.951980 
.951917 
.951854 
.951791 

9.951728 

.951665 
.951602 
.951539 
.951476 
.951412 
.951349 
.951286 
.951222 
.951159 

9.951096 
.951032 
.950968 
.950905 
.950841 
.950778 
.950714 
.950650 
.950586 
.950522 

9.950458 
.950394 
.950330 
.950266 
.950202 
.950138 
.950074 
.950010 
.949945 

9.949881 


D.  r. 


.02 
.03 
.03 
.03 
.02 
.03 
.03 
.03 
.03 
.03 
.03 

.03 
.05 
.03 
.03 
.03 
.05 
.03 
.05 
.03 
.05 

.03 
.05 
.05 
.03 
.05 
.05 
.05 
.05 
.05 
.05 

.05 
.05 
.05 
.05 
.07 
.05 
.05 
.07 
.05 
.05 

.07 
.07 

05 
.07 

05 
!07 
.07 
.07 
.07 
.07 

.07 
.07 
.07 
.07 
.07 
.07 
.07 
.08 
,07 


Tang. 


9.688182 
.688502 
.688823 
.689143 
.689463 
.689783 
.690103 
.690423 
.690742 
.691062 
.691381 

9.691700 
.692019 
.6923:8 
.692656 
.692975 
.693293 
.693612 
.693930 
.694248 
.694666 

9.694883 
.095201 
.095518 
.6958:^6 
.09615;^ 
.696470 
.090787 
.697103 
.697420 
.697736 

9.698053 
.698369 

.GS8685 
.699001 
.099316 
.699032 
.699947 
.700263 
.700578 
.700893 

9.701208 
.701523 
.70ia37 
.7'02152 
.702406 
.7027H1 
.7aS095 

^.7a3409 
.7037'2« 
.704036 

9.704360 
.704063 
.704976 
.705290 
.705603 
.705916 
.706228 
.706.541 
.70(>854 

9.707166 


Sine.     I  D.  1".  I.  Cotang. 


D.  r. 


5.33 
5.32 

5. as 

5.33 


,33 
33 
,33 
,32 
38 
32 
32 

,32 
32 
,30 
32 
,30 
32 
30 
5.30 
5.30 
6.28 


30 
28 
30 
28 
28 
28 
27 
5.28 
5.27 
5.28 

5.27 
5.27 
5.27 
5.25 
5.27 
5.25 
5.27 
5.25 
5.25 
5.25 


5, 
5, 
6 
5, 


25 
23 
25 
23 


5.25 
5.23 
5.23 
5.22 
5.23 
5.23 


5.22 
5.22 
5.23 
5.22 
5.22 
5.20 
5.22 
5.22 
5.20 


D.  1'. 


Cotang. 


10.305117 
.304799 


.304164 
.3a'J847 
.30S530 
.SO.'^i^lS 
.302897 
.302580 
.302264 


Tang. 


10.311818  CO 
.311498  59 
.311177  58 
.310857  57 
.310537  56 
.310217  65 
.309897  I  54 
.309577  '  53 
.309258  52 
.308938  i  51 
.308619  60 

10.308300  49 

.307981  48 

.307662  47 
.307344  .  46 

.307025  45 

.306707  44 

.306388  43 

.306070  42 

.305752  41 

.305434  40 


10.298792 
.298477 
.298163 
.297848 
.2t)7534 
.2t)7219 
.296905 
.296591 
.296278 
.295964 

10.295660 
.295337  ! 
.295024 
.294710 
.294397 
.294084 
.293772 
.293459 
.293146 

10.292834 


39 

38 


.304482  37 


36 
35 
34 
33 
32 
31 
30 


10.301947  29 

.301031  28 

.301315  27 

.300999  26 

.300084  25 

.300368  ,  24 

.300053  '  23 

.299737  22 

.299422  21 

.299107  20 


116' 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

t 

6 
5 
4 
3 
2 
1 
0 

/ 

, 

63» 


2T 


TABLE  XXV.-LOGARITHMIO  SINES, 


152« 


0 

1 
2 
8 

4 
5 
6 

7 

8 

9 

10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
20 


Sine. 


23 
24 
25 

26 
27 
28 
29 
80 

81 
82 
83 
34 
35 
36 
37 
38 
39 
40 


43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
64 

65 
56 
57 
58 
59 
60 


D.  r. 


9.657047 
.657295 
.657542 
.657790 
.658037 
.658284 
.658531 
.658778 
.659025 
.659271 
.659517 

9.659763 
.660009 
.660255 
.660501 
.660746 
.660991 
.661236 
.661481 
.661726 
.661970 


21  9.662214 

22  :  .662459 
.662703 
.662946 
.663190 


.663433 
.663677 
.663920 
.064163 
.664406 

9.664648 
.664891 
.665133 
.665375 
.665617 
.665859 
.666100 
.666342 
.666583 
.666824 


41  9.667065 

42  .667305 


.667546 
.667786 
.668027 
.668267 
.668506 
.668746 
.668986 
.669225 

9.669464 
.669703 
.669942 
.670181 
.670419 
.670658 
.670896 
.671134 
.671372 

9.671609 


Cosine. 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4, 


13 
12 
13 
12 
12 
12 
12 
12 
10 


4.10 
4.10 


4. 

4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


10 
10 
10 
08 
08 
08 
08 
08 
07 
07 


08 
07 
05 
07 
05 
07 
05 
4.05 
4.05 
4.03 


.05 
.03 
.03 
.03 
.08 
.02 
4.08 
4.02 
4.02 
4.02 


4. 
4. 
4. 
4. 
4. 
4. 


00 
02 
00 
.02 
,00 


8.98 
4.00 
4.00 
8.98 
3.98 

8.98 
3.98 
8.98 
3.97 
3.98 
3.97 
8.97 
8.97 
3.95 


Cosine. 


9.949881 
.949816 
.949752 
.949688 
.949623 
.949558 
.949494 
.949429 
.949364 
.949300 
.949235 

9.949170 
.949105 
.949040 
.948975 
.948910 
.948845 
.948780 
.948715 
.948650 
.948584 

9.948519 
.948454 
.948388 
.948323 
.948257 
.948192 
.948126 
.948060 
.947995 
.947929 

9.947863 
.947797 
.94rr31 
.947665 
.947600 
.9475a3 
.947467 
.947401 
.947*35 
.947269 

9.947203 
.947136 
.947070 
.947004 
.946937 
.946871 
.946804 
.946738 
.946671 
.946604 

9.946538 
.946471 
.946404 
.946337 
.946270 
.946203 
.946136 
.9460(59 
.946002 

9.94."5fl35 


D.  r. 


06 
,07 
.07 
,08 
.08 
,07 
,08 
,08 
,07 
,08 
,08 

,08 
,08 
,08 
,08 
,08 
,08 
,08 
,08 
.10 
,08 

,08 
,10 
,08 
.10 
,08 
,10 
,10 
.08 
.10 
.10 

.10 
.10 
.10 
.08 
,12 
,10 
,10 
,10 
.10 
.10 

,12 
.10 
,10 
,12 
,10 
.12 
,10 
,12 
,12 
.10 

,12 

,12 

,12 

,12 

,12 

,12 

12 

12 

12 


Tang. 


9.707166 

.707478 
.707790 
.706102 
.708414 
.708726 
.709037 
.709349 
.709660 
.709971 
.710288- 

9.710593 
.710904 
.711215 
.711525 
.711836 
.712146 
.712456 
.712766 
.713076 
.713386 

9.71369« 
.714005 
.714314 
.714624 
.714983 
.715242 
.715551 
.715860 
.716168 
.716477 

9.716785 
.717093 
.717401 
.717709 
.718017 
.718325 
.718638 
.718940 
.719248 
.719565 

9.719862 
.720169 
.720476 
.720783 
.721089 
.721396 
.721702 
.722009 
.722315 
.722621 

9.722927 
.723232 
.72*538 
.723844 
.724149 
.724454 
.724760 
.725065 
.7^>370 

9. 725(574 


D.  r. 


20 
20 
20 


5.20 


5.20 
5.18 
5.20 
5.18 
5.18 
5.18 
6.18 

5.18 
5.18 
17 
18 
17 
17 
17 
17 
17 
17 


6.15 
5.15 
5.17 
5.15 
5.16 


6. 
6 


16 

16 


6.13 
5.16 
5.18 

5.18 
6.13 
5.13 
5.13 
5.13 
5.18 
6.12 
6.13 
5.12 
5.12 

5.12 

6.12 

5.12 

5.10 

5, 

5. 

5, 

5. 

5, 


12 
10 
12 
10 
10 
10 


6.08 
5.10 
6.10 
6.06 
5.08 
5.10 
5.08 
6.06 
5.07 


Cotang. 


.287544 
.287234 
.286924 


10.292834  60 

.292522  59 

.292210  '  58 

.291898  57 

.291586  56 

.291274  I  55 

.290963  54 

.290651  53 

.290340  :  52 

.290029  I  51 

.289718  SO 

10.289407  49 

.289096  48 

.288785  47 

.288475  ;  46 

.288164  I  45 

.287854  44 


.261060 
.280752 
.280445 


43 
42 
41 


.286614  40 

10.286804  '  89 

.285095  88 

.285686  87 

.285876  86 

.285067  ,  85 

.284758  I  84 

.284449  83 

.284140  .  82 

.288832  31 

.288523  I  ao 

10.288215  !  29 

.282907  28 

.262599  27 

.262291  I  26 

.261983  I  25 

.261675  21 

.261867  28 


22 
21 
20 


D.  r. 


Sine. 


I),  r.   Cotang.  I  D.  1'. 


10.260188  19 

.279831  18 

.279524  17 

.279217  16 

.278911  '  15 

.278604  ■  14 

.276296  1  13 

.277991  !  12 

.277685  11 

.277379  I  10 

10.277078  9 

.276708  8 

.276462  7 

.276156  I  6 

.275851  6 

.275546  4 

.275210  8 

.274985  I  2 

.274680  1 

10.274328  0 

Tang.  I  ' 


117' 


er 


280 


COSINES,  TANGENTS,  AND  COTANGENTS. 


151* 


Sine. 


0 

9.671609 

1 

.671847 

2 

.672084 

8 

.672821 

4 

.672558 

6 

.67V?95 

6 

.673032 

7 

.673268 

8 

.678605 

9 

.678741 

10 

.678977 

11 

9.674213 

12 

.674448 

13 

.674684 

14 

.674919 

15 

.675155 

16 

.675390 

17 

.675624 

18 

.675859 

10 

.676094 

20 

.676828 

21 

9.676662 

22 

.676796 

23 

.677030 

24 

.67TO64 

25 

.677498 

26 

.677731 

27 

.677964 

28 

.678197 

29 

.678480 

30 

.678663 

31 

9.678896 

32 

.679128 

83 

.679860 

84 

.679692 

85 

.679824 

86 

.680056 

87 

.680288 

88 

.680619 

39 

.680750 

40 

.680962 

41 

9.681213 

42 

.681443 

43 

.681674 

U 

.681905 

45 

.682185 

46 

.682865 

47 

.682596 

48 

.682825 

49 

.683055 

50 

.683284 

51 

9.683514 

52 

.683748 

53 

.688972 

54 

.684201 

55 

.684480 

56 

.684658 

57 

.684887 

58 

.686115 

59 

.685343 

60 

9.685671 

D.  r 


'    I  Cosine. 


3.97 
3.95 
3.95 
8.95 
8.95 
8.95 
3.93 
3.95 
3.93 
3.93 
8.98 

3.92 
3.98 
3.92 
8.93 
3.92 
3.90 
8.92 
3.92 
8.90 
8.90 

3.90 
8.90 
8.90 
3.90 

3.88 
3.88 
3.88 
3.88 
3.88 
3.87 

3.88 
3.87 
3.87 
3.87 
8.87 
8.87 
3.85 
3.85 
3.87 
3.85 

3.83 
8.85 
3.a5 
3.83 
3.83 
3.83 
8.83 
8.83 
3.82 
3.83 

3.82 
3.82 
3.82 
3.82 
3.80 
3.82 
3.80 
3.80 
3.80 


D.  1'. 


Cosine. 


9.945935 
.945868 
.945800 
.945738 
.945666 
.945598 
.945531 
.»15464 
.945396 
.945328 
.945261 

9.945193 
.945125 
.945058 
.944990 
.944922 
.944854 
.944780 
.944718 
.944650 
.944582 

9.944514 
.044446 
.944377 
.944309 
.944241 
.944172 
.944104 
.944036 
.948967 
.943899 

9.943880 
.948761 
.043603 
.043624 
.043555 
.043486 
.048417 
.043348 
.043270 
.043210 

0.043141 
.04:^,072 
.043003 
.042034 
.042864 
.042705 
.042726 
.042656 
.042587 
.042517 

0.042448 
.042378 
.042308 
.042230 
.042160 
.042009 
.942029 
.941050 
.041880 

0.041810 


Sine. 


D.  1' 


12 

.13 

12 

12 

13 

12 

,12 

.13 

.13 

.12 

,13 

13 
.12 
.13 
.13 
,13 
.18 
.13 
.13 
.13 
.13 

.13 
.15 
.13 
.13 
.15 
.13 
.13 
.15 
.18 
.15 

.15 
.13 
.15 
.15 
.15 
,15 
.15 
.15 
.15 
.15 

.15 
,15 
,15 
,17 
,15 
,15 
,17 
,15 
,17 
,15 

,17 
17 

15    I 
,17 
17 

,17    I 
,17 
,17 
,17 


Tans:. 


0.725674 
.725079 
.7SiGi»4 
.726588 
.736892 
.727197 
.727501 
.727805 
.728109 
.788412 
.728716 

0.720020 
.720823 
.720626 
.7^0020 
.780283 
.780535 
.730688 
.781141 
.781444 
.731746. 

0.732048 
.732361 
.732668 
.732065 
.788867 
.733558 
.733860 
.734162 
.734468 
.784764 

0.735066 
.785367 
.786668 
.736060 
.736260 
.736570 
.736870 
.737171 
.737471 
.737771 

0.738071 
.738371 
.788671 
.738071 
.780271 
.730570 
.730870 
.740160 
.740468 
.740767 

0.741066 
.741365 
.741664 
.741062 
.742261 
.742550 
.742858 
.748156 
.743454 

0.743752 


D.  1' 


Cotang. 


5.08 
5.08 
5.07 
5.07 
5.05 
5.07 
5.07 
5.07 
5.05 
5.07 
5.07 

5.05 
5.05 
5.05 
5.07 


03 
,05 
05 
,05 
03 
,03 

05 
03 


5.03 


03 
02 
03 
03 
02 
5.02 
5.03 


02 
02 
02 
00 
02 
5.00 
5.02 
5.00 
5.00 
5.00 


5.00 
5.00 
5.00 
00 
08 
00 
08 
08 
06 
06 


4.06 
4.08 
4.07 
4.08 
4.07 
4.08 
4.07 
4.07 
4.07 


D.  1".    I  Cotang.  I   D.  1'. 


aft7 


10.274826 
.274021 
.278716 
.273412 
.273108 
.272803 
.272409 
.272105 
.271801 
.271588 
.271284 

10.270080 
.270677 
.270374 
.270071 
.260767 
.260465 
.260162 
.288860 
.268656 
.268254 

10.267052 
.267640 
.267347 
.267045 
.266748 
.266442 
.266140 
.265838 
.265537 
.265236 

10.264034 
.264633 
.264332 
.264031 
.263731 
.263430 
.268130 
.262820 
.262520 
.262220 

10.261020  .  10 
.261620 
.261320 
.261020 
.260720 
.260430 
.260130 
.250831 
.250532 
.250233  10 

10.258034 

.268635 

.258836 

.258088 

.257730 

.257441 

.257142 

.256844 

.256546 
10.256248 


Tang. 


I  / 


61 


i^ 


TABLE  XXV.-LOGARITHMIO  SINES, 


150" 


0 

1 

2 
3 
4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 

43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
CO 


Sine. 


9.685571 
.685799 
.686027 
.686254 
.68048-3 
.68670a 
.6869.^6 
.687163 
.687389 
.687616 
.687843 

9.688069 
.688295 
.088521 
.688747 
.088972 
.689198 
.689423 
.689848 
.689873 
.690098 

9.690323 
.690548 
,690772 
.690996 
.691220 
.691444 
.691668 
.691892 
.692115 
.692389 

9.692562 
.692785 
.693008 
.69:3231 
.693453 
.693676 
.693898 
.694120 
.694342 
.694564 

9.694786 
.69r>007 
.69.-)2:i9 
.6954.50 
.695071 
.695892 
.690113 
.096334 
.69(5.")54 
.696775 

9.696995 
.697215 
.6974;^ 
.6976.^4 
.697874 
.69801U 
.098:313 
.698.5:32 
.698751 

9.698970 


D.  1'. 


3.80 
3.80 
3.78 
3.80 
3.78 
3.78 
3.78 
8.77 
8.78 
3.78 
8.77 

3.77 
3.77 
3.77 
8.75 
3.77 
3.75 
3.75 
3.75 
3.75 
3.75 

3.75 
3.73 
3.73 
3.78 
3.r3 
3.73 
3.73 
3.72 
3.73 
3.72 

3.72 
3.72 
3.72 
3.70 
3.72 
3.70 
3.70 
3.70 
3.70 
3.70 

3.68 
3.70 
3.68 
3  68 
3.08 
3.68 
3.68 
3.67 
3.68 
3.67 

3.67 
3.67 
3.65 
3.67 
3.67 
3.65 
3.65 
3.a5 
3.65 


Cosine. 


Cosine.  I  D.  r. 


9.941819 
.941749 
.941679 
.941609 
.941539 
.941469 
.941398 
.941328 
.941258 
.941187 
.941117 

9.941046 
.940975 
.940905 
.940834 
.940763 
.940693 
.940622 
.940551 
.940480 
.940409 

9.940338 
.940267 
.940196 
.940125 
.940054 
.939982 

.mmi 

.939840 
.939768 
.939697 

9.939625 
.939554 
.939482 
.939410 
.9:39339 
.9:392t)7 
.939195 
.939123 
.939052 
.938980 

9.938908 
.9388:36 
.9:38763 
.938691 
.9:38619 
.938547 
.93^475 
.93^402 

.9:38:3:30 

.938258 

9.938ia5 
.938113 
.938040 
.9:37967 
.937895 
.937822 
.937749 
.937676 
.937604 

9.937531 

Sine. 


D.  1'. 


1.17 
1.17 
1.17 
1.17 
1.17 
1.18 
1.17 
1.17 
1.18 
1.17 
1.18 

1.18 
1.17 


18 
18 
17 
18 
18 
1.18 
1.18 
1.18 


18 
18 
18 
18 
20 
18 
18 
20 


1.18 
1.20 

1.18 
1.20 
1  20 
1.18 
1.20 
1.20 
1.20 
1.18 
1.20 
1.20 

1.20 
1.22 
1.20 
1.20 
1.20 
1.20 
1.22 
1.20 
1.20 
1.22 

1.20 
1.22 
1.22 
1.20 
1.22 
1.22 
1.22 
1.20 
1.22 


Tang. 


9.7437B2 
.744050 
.744348 
.744<>45 
.744943 
.745240 
.745538 
.74'«35 
.74ol32 
.746429 
.746?-J6 

9.747028 
.747819 
.747616 
.747913 
.748209 
.748505 
.748801 
.749097 
.749393 
.749689 

9.749985 
.750281 
.750576 
.750872 
.751167 
.751462 
.751757 
.752052 
.752347 
.752042 

9.752937 
.753231 
.75a52tt 
.753820 
.754115 
.754409 
.754703 
.754997 
.755291 
.755585 

9.755878 
.756172 
.756465 
.756759 
.757052 
.757*45 
.7576138 
.757931 
.7,58224 
.758517 


9. 


D.  1'. 


758810 
.759102 
.759395 
.759687 
.759979 
.760272 
.700.564 
.760856 
.761148 
9.761439 


4.97 
4.97 
4.95 
4.97 


4. 
4. 

4. 
4, 
4. 
4, 


95 
97 
95 
95 
95 
95 


4.95 

4.98 
4.95 
4.95 
4.93 
4.93 
4.93 
4.93 
4.93 
4.93 
4.93 


4. 
4. 
4. 
4. 
4. 


.93 
.92 
.93 
.92 
.92 
4.92 
4.92 
4.92 
4.92 
4.92 

4.90 

4.92 
4.90 
4.92 
4.90 
4.90 
4.90 
4.90 
4.90 
4.88 

4.90 

4.88 
4.90 
4.88 


,88 
,88 
.88 
,88 
,88 
,88 


4.87 
4.88 
4.87 
4.87 
4.88 
4.87 
4.87 
4.87 
4.85 


Cotang. 


.IW4709 
.244415 


10.341190 
.210696 
.240605 
.^40313 
.240021 
.2397SW 
.239486 
.239144 
.238852 

10.238561 


10.256248 
.255950 
.255652 
.255355 
.255057 
.254760 
.254462 
.254165 
.253868 
.253571 
.253274 

10.258977 
.252681 
.252384 
.252087 
.251791 
.251495 
.251199 
.250903 
.250607 
.250311 

10.250015 
.249719 
.249424 
.249128 
.248833 
.248538 
.248243 
.5M7948 
.247653 
.247358 

10.347063  29 

.246769  38 

.346474  27 

.346180  I  26 

.345885  '  25 

.345591  24 

.345297  I  as 

.245003  I  28 


00" 

60. 

58" 

57 

56 

65 

54 

53 

58 

51 

50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


89 
i  38  I 
I  37  I 

96  ' 

35 
!84 

83 

»J   , 

81 

80 


21 
20 


10.244122  19 

.348828  18 

.243585  17 

.243^1  16 

.^2948  15 

.342655  I  14 

.242362  IS 

.242069  I  12 

.341776  11 
.'^41483 


^«   . 

9 

8 

7   . 
6 

5   I 

J' 

2 

1 
0   > 


D.  1*.  I'  Cotang.  '  D.  1'.  i    Tang.     '   ' 


118< 


W 


ao' 


COSINES,  TANGENTS.  AND  C50TANGENTS. 


149« 


/ 

Sine. 

0 

9.698970 

1 

.699189 

2 

.699407 

3 

.699626 

4 

.699844 

6 

.700062 

6 

.700280 

7 

.700498 

8 

.700716 

9 

.700933 

10 

.701151 

11 

9.701368 

12 

.7  1585 

13 

.701802 

14 

.702019 

15 

.702236 

16 

.702452 

17 

.702069 

18 

.702885 

19 

.703101 

ao 

.703317 

21 

9.703533 

22 

.703749 

23 

.703964 

24 

.704179 

25 

.704305 

26 

.704610 

27 

.704825 

28 

.705040 

29 

.705254 

30 

.70^69 

31 

9.70.1683 

82 

.705808 

33 

.700112 

34 

.706326 

35 

.706539 

.36 

.706753 

37 

.706967" 

38 

.707180 

39 

.707393 

40 

.707606 

41 

9.707819 

42 

.708032 

43 

.708245 

44 

.708458 

45 

.708670 

46 

.708882 

47 

.709094 

48 

.70930(5 

49 

.709518 

60 

.709730 

51 

9.709941 

52 

.710153 

53 

.7im>i 

54 

.710575 

65 

.710786 

66 

.710997 

57 

.711208 

68 

.711419 

59 

.711629 

60 

9.711839 

D.  r. 


Cosine. 


8.66 
3.68 
3.66 
8.63 
8.63 
3.68 
8.68 
3.68 
3.62 
8.68 
3.62 

8.62 
3.62 
3.62 
3.62 
3.60 
3.62 
8.60 
3.60 
8.60 
8.60 

8.60 
8.58 
8.58 
3.60 
3.58 
3.58 
3.58 
3.57 
3.58 
3.57 

3.58 
3.57 
3.57 
3.55 
3.57 
3.. 57 
3.55 
3  55 
3.55 
3.55 

3.55 
3.55 
3.55 
3.53 
3.53 
3.53 
3.63 
3.53 
3.53 
3.52 

3.53 
3.52 
3.52 
3.52 
3.52 
3.52 
3.52 
3.50 
3.50 

D.  r. 


Cosine. 


9.937681 

.937468 
.937386 
.937312 
.937238 
.937165 
.987092 
.937019 
.936946 
.936872 
.936799 

9.936725 
.936652 
.936578 
.936505 
.986431 
.936357 
.936284 
.936210 
.936136 
.936062 

9.935988 
.935914 
.935840 
.936766 
.935692 
.935618 
.935543 
.9a5469 
.935395 
.935320 

9.935246 
.935171 
.935097 
.935022 
.9*4948 
.934873 
.9^798 
.9347'23 
.934649 
.934574 

9.934499 
.98'14'34 
.934349 
.a34274 
.934199 
.934123 
.984048 
.93:39?':^ 
.93:^898 
.9313822 

9.9a3747 
.933671 
.933590 
.933520 
933445 
.938369 
.933293 
.9*3217 
.933141 

9.933066 

Sine. 


D.  r. 


1.28 
1.22 
1.22 


1, 

1 

1 

1 

1 

1 

1, 

1 


28 
22 
22 
22 
22 
23 
22 
23 


22 
23 
22 
23 
23 
1.22 
1.23 
1.23 
1.23 
1.23 

1.23 
1.23 
1.23 
1.23 
1.23 
1.25 
1.23 
1.23 
1.25 
1.23 

1.25 
1.23 
1.25 
1.23 
1.25 
1.25 
1.25 
1.23 
1.25 
1.25 

1.25 
1.25 
1.25 
1.25 
1.27 
1.25 
1.25 
1.25 
1.27 
1.25 

1.27 
1.25 
1.27 
1.25 
1.27 
1.27 
1.27 
1.27 


1.25 


D.  r. 


Tang. 


9.761439 
.761731 
.762023 
.762814 
.762606 
.762897 
.763188 
.763479 
.763770 
.764061 
.764352 

9.764648 
.764933 
.765224 
.765514 
.765805 
.766095 
.766385 
.766675 
.766965 
.767255 

9.767545 
.767884 
.768124 
.768414 
.768703 
.768992 
.769281 
.769571 
.769860 
.770148 

9.770437 
.770726 
.771015 
.771303 
.771592 
.771880 
.772168 
.772457 
.772745 
.773033 

773321 
.773608 
.778896 
.774184 
.774471 
.774759 
.775040 
.775333 
.775621 
.775908 


D.  r. 


Cotang. 


9 


9.776195 
.776482 
.776768 
.777055 
.777342 
.777628 
.777915 
.778201 
.778488 

9.778774 

Cotang. 


4.87 
4.87 
4.85 
4.87 
4.85 
4.85 
4.85 
4.85 
4.85 
4.86 
4.86 

4.83 

4.85 
4.83 
4.85 
4.83 
4  83 
4.83 
4.83 
4.83 
4.88 

4.82 
4.83 

4.83 
4.82 
4.82 
4.82 
4.83 
4.82 
4.80 
4.82 

4.82 
4.82 
4.80 
4.82 
4.80 
4.80 
4.82 
4.80 
4.80 
4.80 

4.78 
4.80 
4.80 
4.78 
4.80 
4.78 
4.78 
4.80 
4.78 
4.78 

4.78 
4.77 
4.78 
4.78 
4.77 
4.78 
4.77 
4.78 
4.77 

D.  1'. 


10.288561 
.238269 
.237977 
.237686 
.237894 
.237103 
.236812 
.236521 
.236230 
.235939 
.235648 


10.232455 
.232166 
.231876 
.231586 
.231297 
.231008 
.230719 
.230429 
.230140 
.229852 

10.229563 
.229274 
.228985 


10.226679 
.226392 
.226104 
.225816 
.225529 
.22.5341 
.224954 
.22^16(57 
.224379 
.224092 

10.223805 
.223518 
.223232 
.222945 
.222658 
.222372 
.222085 
.221799 
.221512 

10.221226 

Tang. 


60 
59 
58 
57 
66 
55 
54 
53 
52 
51 
50 


10.235357  49 

.235067  48 

.234776  47 
.234486  ;  46 

.234195  45 

.233905  44 

.233615  43 

.233325  42 

.233035  41 

.232745  40 


39 
88 
87 
36 
35 
34 
33 
32 
81 
30 

29 

28 
27 


.228697  26 

.228408  25 

.228120  24 

.227832  23 

.227543  22 

.227255  21 

.226967  20 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


IfSQo 


QOD 


09« 


sr 


TABLE  XXV.-LOGARITHMIO  SIKES, 


148- 


Sine. 


0 
1 
2 
3 
4 
5 
6 
7 

.8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
90 

31 
32 
33 
34 
35 
86 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
60 

51 
52 
63 
64 
55 
66 
67 
58 
59 
60 


121' 


9.711839 
.712050 
.712260 
.712469 
.712679 
.712889 
.713098 
.718308 
.713517 
.713726 
.713935 

9.714144 
.714352 
.714561 
.714769 
.714978 
.715186 
.715394 
.716602 
.715809 
.716017 

9.716224 
.716432 
.716639 
.716846 
.717053 
.717259 
.717466 
.717673 
.717879 
.718065 


9 


,718291 
,718497 
.718703 
.718909 
.719114 
.719320 
.719525 
.719730 
.719935 
.';'20140 

9.720345 
.720549 
.720754 
.720958 
.721162 
.721366 
.721570 
.721774 
.721978 
.722181 

9.722385 

.722588 
.722791 
.722994 
.723197 
.723400 
.7236a3 
.723805 
.724007 
9.724210 


D.  1'. 


3.62 
3.50 
3.48 
3.50 
3.50 
3.48 
3.50 
3.48 
3.48 
3.48 
3.48 

3.47 
3.48 
3.47 
3.48 
3.47 
3.47 
3.47 
3.45 
3.47 
3.45 

3.47 
3.45 
3.46 
3.45 
3.43 
3.45 
3.45 
3.43 
3.43 
3.43 

3.43 
3.43 
3.43 
3.42 
3.43 
3.42 
3.42 
3.42 
3.42 
3.42 

3.40 
3.42 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.38 
3.40 

3.38 
3.38 
3.38 
3.38 
3.38 


3.88 
3.37 
3.37 
3.38 


Cosine. 


9.938066 
.932990 
.932914 
.932888 
.932762 
.932685 
.932609 
.932533 
.932457 
.932380 
.932304 

9.932228 
.932151 
.932075 
.931998 
.931921 
.931845 
.931768 
.931691 
.931614 
.931537 

9.931460 
.931383 
.931306 
.931229 
.931152 
.981075 
.930998 
.980921 
.930848 
.930766 

9.930688 
.930611 
.930533 
.930456 
.930378 
.980800 
.930223 
.930145 
.930067 
.929989 

9.929911 
.929833 
.929755 
.929677 
.929599 
.929521 
.929442 
.929864 
.929286 
.929207 

9.929129 
.929050 
.928972 
.928893 
.928815 
.928736 
.928667 
.928578 
.928499 

9.928420 


D.  r. 


Cosine.  I  D.  1". 


-  h- 


Sine. 


27 

.27 
,27 
.27 
,28 
,27 
,27 
,27 
,28 
,27 
,27 

,28 
,27 
,28 
,28 
,27 
,28 
,28 
,28 
,28 
,28 

.28 
.28 
.28 
.28 
.28 
.28 
.28 
.30 
.28 
.30 

.28 
.30 
.28 
.30 
.30 
.28 
.30 
.30 
.30 
.30 

.30 
.30 
.30 
.30 
.80 
.32 
.30 
.30 
.32 
.80 

.82 
.80 
32 
,30 
,32 
.32 
32 
32 
32 


D.  1" 


Tang. 


9.778774 
.779060 
.779846 
.779632 
.779918 
.780203 
.780489 
.780775 
.781060 
.781846 
.781631 

9.781916 
.782301 
.782486 
.782771 
.783056 
.783841 
.788626 
.788910 
.784195 
.784479 

9.784764 
.785048 
.786332 
.785616 
.786900 
.786184 
.786468 
.786752 
.787086 
.787819 

9.787603 
.787886 
.788170 
.788463 
.788736 
.789019 
.789302 
.789685 
.789868 
.790151 

9.790434 
.790716 
.790999 
.791281 
.791563 
.791846 
.792128 
.792410 
.792692 
.792974 


9 


9 


793256 
793638 
798819 
794101 
794383 
794664 
794916 
795227 
795508 
795789 


Cotang. 


D.  r. 


4. 
4. 
4. 
4. 
4. 
4. 
4 
4 
4, 
4 
4 


77 
77 
77 
77 
75 
77 
77 
75 
77 
75 
75 


4. 
4. 
4. 
4. 
4. 


75 
.75 
.75 
.75 
.75 
4.75 
4.73 
4.75 
4.73 
4.75 

4.73 
4.78 
4.73 
4.73 


73 
73 
73 
73 
72 
73 


4.72 
4.73 
4.72 

4.ra 

4.72 
4.78 
4.78 
4.72 
4.78 
4.72 

4.70 
4.72 
4.70 
4.70 
4.72 


.70 
.70 
.70 
.70 

.70 

,70 
,68 
,70 
70 
,68 
,70 
68 
4.68 
4.68 


4 
4 
4 
4 
4 

4 
4 

4 
4 
4 
4 
4 


Cotang. 


10.221226 
.220940 
.220654 
.220668 
.220062 
.219797 
.219511 
.219225 
.218940 
.218664 
.218369 

10.218064 
.217799 
.217514 
.217229 
.216944 
.216669 
.216374 
.216000 
.215805 
.215521 

10.215286 
.214952 
.214666 
.214864 
.214100 
.213816 
.213632 
.213248 
.2129&4 
.212681 

10.212897 
.212114 
.211880 
.211547 
.211264 
.210961 
.210696 
.210416 
.210132 
.209649 

10.200566  19 
.200284  18 
.209001 
.206719 
.206437 
.206154 
.207672 
.207590 
.20^106  .  11 
.907026     10 

10.206744 

.206462 

.206181 

.205699 

.206617 

.206836 

.206054 

.204773 

.204492 
10.204211 


D.  1".  I     Tang. 


890 


M' 


82« 


COSINES.  TANQKNTS,  AND  COTANGENTS. 


147 


Sine. 


0 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
32 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
28 
27 
28 
29 
80 

31 
82 
33 
34 
85 
36 
87 
88 
39 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

51 
62 
53 
54 
55 
56 
57 
58 
59 
60 


isd< 


9.724210 

.724412 
.724614 
.724816 
.725017 
.725219 
.725420 
.725C22 
.725823 
.726024 
.726225 

9.726426 
.726626 
.726827 
.72r027 
.72?228 
.727428 
.727028 
.727828 
.728027 
.728227 

9.728427 
.728626 
.728825 
.729024 
.729223 
.729422 
.729621 
.729820 
.780018 
.780217 

9.730415 

.730613 
.730811 
.731009 
.731206 
.731404 
.781602 
.731799 
, 731996 
.782193 

9.732390 
.732587 
.732784 
.732980 
.733177 
.733373 
.733569 
.733765 
.733961 
.734157 

9.731353 
.784549 
.734744 
.734939 
.785135 
.785330 
.785525 
.735719 
.785914 

9.736109 


D.  1". 


3.37 
3.37 
3.37 
3.35 
3.37 
3.35 
3.37 
3.35 
3.35 
3.35 
3.35 

3.33 
3.35 
3.33 
3.35 
3.38 
3  33 
3.33 
3.32 

3.  as 

3.33 

3.32 
3.32 
3.32 
8.32 
3.32 
8.32 
.32 
.30 
3.82 
3.30 


3. 
8. 


8.30 
3.30 
3.30 
3.28 
3.30 
3.30 
3.28 
3.28 
3.28 
3.28 

3.28 
3.28 
3.27 
3.28 
3.27 
8.27 
8.27 
3.27 
3.27 
3.27 

3.27 
3.25 
3.25 
3.27 
3.25 
3.25 
3.23 
3.25 
3.25 


Cosine.  |  D.  1". 


Cosine. 


9.928420 
.928342 

.928263 
.923183 
.928104 
.928025 
.927946 
.927867 
.927787 
.927708 
.92762 J 

9.927549 
.927470 
.927390 
.927310 
.927231 
.927151 
.927071 
.926991 
.926911 
.926831 

9.926751 
.926671 
.926591 
.926511 
.926481 
.926351 
926270 
.926190 
.926110 
.926029 

9.925949 

.925868 
.925788 
.925707 
.925626 
.925545 
.925465 
.925884 
.925803 
.925222 

9.925141 
.925060 
.924979 
.924897 
.924816 
.924735 
.924654 
.924572 
.924491 
.924409 

9.924828 
.924246 
.924164 
.924063 
.924001 
.923919 
.923887 
.928755 
.923673 

9. 923591 

Sine. 


D.  1'. 


1.30 
1.32 


.38 
.32 
.32 
.32 
.32 
.33 
.32 
.32 


1.83 

1.32 
1.33 
1.83 
1.32 
1.33 


1.83 
1.33 
1.33 
1.33 
1.88 

1.88 
1.83 

i.as 


1 
1 
1 
1 
1 
1 
1, 

1 

1, 

1 

1 

1 

1 

1 

1 

1 

1 


33 
33 
35 
33 
38 
35 
83 

85 
33 
85 
35 
35 
33 
85 
85 
85 
35 


1.35 
l.a5 


37 
,85 
,85 
.35 


1.31 


,35 
,37 


1.35 

1.37 
1.37 
1.35 
1.37 


.37 
,37 
.37 
,37 
,37 


Tang.. 


9.795789 
.796070 
.796351 
.796632 
.796913 
.797194 
.797474 
.797755 
.798036 
.798316 
.798596 

9.798877 
.799157 
.799437 
.799717 
.799997 
.800277 
.8005,57 
.800836 
.801116 
.801396 

9.801675 
.801955 
.802234 
.802513 
.802792 
.803072 
.803351 
.803630 
.803909 
.804187 

9.804466 
.804745 
.805023 
,805302 
.805580 
.805859 
.806137 
.806415 
.806693 
.806971 

9.807249 
.807527 
.807805 
.808083 
.808361 
.oOdOoo 
.808916 
.809193 
.809471 
.809748 

9.810025 
.810302 
.810580 
.810857 
.811134 
.811410 
.811687 
.811964 
.812241 

9.812517 


D.  r. 


4.68 
4.68 
4.68 
4.68 
4.68 
4.67 
4.68 
4.68 
4.67 
4.67 
4.68 


4. 
4. 
4. 
4. 
4. 
4. 


.67 
.67 
.67 
.67 
.67 
.67 
4.65 
4.67 
4.67 
4.65 


4. 

4. 
4. 
4. 
4. 


67 
65 
65 
65 

67 


4.65 
4.65 
4.65 
4.63 
4.65 


4. 

4. 

4 

4. 

4. 

4 

4. 


.65 

.63 
65 
.63 
.65 
63 
.63 
4.63 
4.63 
4.63 

4.63 
4.63 
4.63 
4.63 
4.62 


63 
62 
.63 
.62 
.62 


4.62 
4.63 
4.62 
4.62 
4.60 
4.62 
4.62 
4.62 
4.60 


D.  1'.    il  Cotang.  I  D.  1' 


Cotang. 


10.204211 
.203930 
.203649 
.203368 
.203087 
.202806 
.202526 
.202245 
.201964 
.201684 
.201404 

10.201128 
.200843 
.200563 
.2002^3 
.200003 
.199723 
.199443 
.199164 
.198884 
.198604 

10.198325 
.198045 
.197766 
.197487 
.197208 
.196928 
.196649 
.196370 
.196091 
.195813 

10.195534 
.195255 
.194977 
.194698 
.194420 
.194141 
.193863 
.193585 
.193307 
.193029 

10.192751 
.192478 
.192195 
.191917 
.191639 
.191362 
.191084 
.190807 
.19a529 
.190252 

10.189975 
.189698 
.189420 
.189143 
.188866 
.188590 
.188313 
.188036 
.187759 

10.187483 


Tang. 


.n^-^^mww^^mf^^^ 


39X 


57 


8DO 


TABLE  XXV.—LDGARITHMIC  SINES. 


146" 


/ 

Sine. 

0 

9.736109 

1 

.7:36303 

2 

.736498 

3 

.736692 

4 

.730886 

5 

.737080 

6 

.737274 

7 

.737407 

8 

.737061 

9 

.737a55 

10 

.738048 

11 

9.738241 

12 

.738434 

13 

.738627 

14 

.738820 

15 

.739013 

16 

.739206 

17 

.739398 

18 

.739590 

19 

.739783 

20 

.739975 

21 

9.740107 

22 

.740359 

23 

.740550 

24 

.740742 

25 

.7409^4 

26 

.741125 

27 

.741816 

28 

.741508 

29 

.741099 

30 

.741889 

31 

9.742080 

32 

.742271 

33 

.742462 

34 

.742652 

35 

.742842 

36 

.743083 

37 

.743223 

38 

.743413 

39 

.743602 

40 

.743792 

41 

9.743982 

42 

.744171 

43 

.744361 

44 

.744550 

45 

.744739 

46 

.744928 

47 

.745117 

48 

.745306 

49 

.745494 

50 

.  .745683 

51 

9.745871 

52 

.7460(}0 

53 

.746248 

54 

.746436 

55 

.746624 

56 

.746812 

57 

.746999 

58 

.747187 

59 

.747'374 

60 

9.747562 

/ 

Cosine. 

3.23 
3.25 
3.23 
3.23 
3.23 
23 
22 
23 
3.23 
3.22 
3.22 

3.22 
3.22 
3.22 
3.22 
3.22 
3.20 
3.20 
3.22 
3.20 
3.20 

3.20 
3.18 
3.20 
3.20 
3.18 
3.18 
3.20 
3.18 
3.17 
3.18 

3.18 
3.18 
3.17 
3.17 
3.18 
3.17 
3.17 
3.15 
3.17 
3.17 

3.15 
3.17 
3.15 
3.15 
3.15 
3.15 
15 
13 
15 
13 


3.15 
3.13 


13 
13 


3.13 
3.12 
3.13 
3.12 
3.13 


D.  1' 


Cosine. 


9.923591 
.923509 
.923427 
.923345 
.923263 
.928181 
.923098 
.923016 
.922933 
.922851 
.922768 

9.922686 
.922603 
.922520 
.922438 
.922355 
.922272 
.922189 
.922106 
.922023 
.921940 

9.921857 
.921774 
.921691 
.921607 
.921524 
.921441 
.92ia57 
.921274 
.921190 
.921107 

9.921023 
.920939 
.920856 
.920772 
.920688 
.920604 
.920520 
.920436 
.920a52 
.920268 

9.920ia4 
.920099 
.920015 
.919931 
.919846 
.919762 
.919677 
.91^593 
.919508 
.919424 

9.919339 
.919254 
.919169 
.919085 
.919000 
.918915 
.918830 
.918745 
.918(559 

9.9ia574 


Sine. 


D.  r. 


.37 
.37 
.37 
.37 
.37 
.38 
.37 
.38 
.37 
.38 
.37 

.88 
.38 
.37 
.38 
.38 
.38 
38 
.38 
.38 
.38 

.38 
.38 
.40 
.38 
.38 
.40 
.38 
.40 
.38 
.40 

.40 
.38 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 

.42 
.40 
.40 
.42 
.40 
.42 
.40 
.42 
.40 
.42 

,42 
.42 
.40 
,42 
,42 
42 
.42 
,43 
.42 


Tang. 


D.r. 


"n    ! 


9.812517 
.812794 
.813070 
.813347 
.813(523 
.813899 
.814176 
.814452 
.814728 
.815004 
.815280 

9.815555 
.815831 
.816107 
.816882 
.816658 
.816933 
.817^09 
.817484 
.817759 
.818085 

9.818310 
.818585 
.818860 
.819135 
.819410 
.8196»4 
.819959 
.820234 
.820608 
.820783 

9.821057 
.821332 
.821606 
.821880 
.822154 
.822429 
.822703 
.822977 
.82:3251 
.823524 

9.823798 
.85M072 
.824^45 
.824619 
.824893 
.825166 
.825439 
.825713 
.825986 
.826259 

9.826532 
.826805 
.827078 
.827351 
.8276^ 
.827897 
.828170 
.828442 
.828715 

9.828987 


4.63 
4.60 
4.62 
4.60 
4.60 
4.62 


60 
60 
60 
60 
58 


4.60 
4.60 
4.58 
4.60 
4.58 
4.60 
4.58 
4.58 
4.60 
4.58 

4.58 
4.58 
4.58 
4.58 
4.57 


.58 
58 
,57 
,58 
57 


4.58 
4.57 
4.57 
4.57 
4.58 
4.57 
4.57 
4.57 
4.. 55 
4.57 

4.57 
4.55 
4.57 
4.57 
4.55 
4.55 
4.57 
4.55 
4.55 
4.55 

4.55 
4.55 
4.55 
4.55 


55 
55 
53 
55 
53 


123' 


D.  r.   M  Cotang.  |   D.  1" 


892 


Cotang. 


10 


10 


10 


10 


10 


10 


10 


173195  , 

1729C22  ' 

179M9 

1T8876 

17210S 

171830 

171558 

171385 

171013 


Tang. 


187483     60 

1872J6     69 

186930     58 

186653 

186377 

186101 

185824 

185548 

185272 

184996 

184720 

184445 

1&4169 

183893 

183618  I  46 

188342 

188067 

182791 

182516 

182241 

181965 

181690 
181415 
181140 
180865 
180590 
180316 
180041 
179766 
179492 
179317 

178943 
178668 
178394 
178120 
177846 
177371 
177*97 
177023 
176749 
176476 

176908 

175928 

175655 

176381 

175107 

174831 

174561 

174287  I  la 

174014  I  11 

178741  ;  10 

17^68  ■    9 


8 
7 
6 
5 

4  > 
8 

5  . 
1 

0 

T"  i 


84* 


COSINES,  TANGENTS,  AND  COTANaENTS. 


146< 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
13 
13 
14 
15 
16 
17 
18 
19 
20 

21 
2S 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
38 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
30 

51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


Sine. 


9. 


9 


747562 

747749 
74793C 
74812:i 
748310 
748197 
748683 
748870 
749056 
749243 
749429 

749615 
.749801 
.749987 
.750172 
.7'50858 
.750543 
.750729 
.750914 
.751099 
.761284 

9.761469 
.751654 
.751889 
.752023 
.752208 
.752392 
.762576 
.752760 
.752944 
.753128 

9.753812 
.753*95 

.753679 
.753862 
.754046 
.754229 
.754412 
.754595 
.754778 
.754960 

9.755143 
.755326 
.755508 
.755690 
.755872 
.756054 
.756236 
.756418 
.756600 
.756782 

9.756963 
.757144 
.757326 
.757607 
.757688 
.757869 
.758060 
.758230 
.758411 

9.768691 


Cosine. 


D.  r. 


3. 
3. 
3. 


12 
12 
12 


3.12 
3.12 
3.10 
3.13 
3.10 
3.12 
3.10 
3.10 

3.10 
3.10 
3.08 
3.10 
3.06 
3.10 
3.08 
3.08 
3.08 
3.08 


06 
08 
07 
3.06 
3.07 
3.07 
3.07 
3.07 
3.07 
3.07 

3.05 
3.07 
3.07 
3.07 
3.05 
3.05 
3.05 
3.06 
3.03 
3.05 

3.05 
3.03 
.03 
.03 
.03 
.03 
.03 
3.03 
3.03 
3.02 


3. 
3. 
3. 
3. 
3. 


3.02 
3  08 
3.02 
3.02 
3.02 
3.02 
3.00 
3.02 
3.00 


D.  1" 


Cosine. 


.r  I 


9.918574 
.918489 
.918404 
.918818 
.918233 
.918147 
.918062 
.917976 
.917891 
.917805 
.917719 

9.917634 
.917548 
.917402 
.917876 
.917890 
.91'«04 
.917118 
.917032 
.916946 
.916859 

9.916773 
.916687 
.916600 
.916514 
.916427 
.916341 
.916254 
.916167 
.916081 
.915994 

9.915907 
.915820 
.915733 
.915646 
.915659 
.915472 
.915385 
.915297 
.915210 
.916123 

9.915035 
.914948 
.914860 
.914773 
.914685 
.914598 
.914510 
.914422 
.9143^4 
.914246 

9.914158 
.914070 
.915982 
.913894 
.913806 
.913718 
.913630 
913541 
.913453 

9.913365 


D.  1'. 


Sine. 


.42 
.42 
.43 
.42 
.48 
.42 
.43 
.42 
.48 
.43 
.42 

.48 
.43 
.48 
.43 
.43 
.43 
.43 
.43 
.45 
.43 

.43 
.45 
.43 
.45 
.43 
.45 
.45 
.43 
.45 
.45 

.45 
.45 
.45 
.46 
.45 
.46 
.47 
.45 
.45 
.47 

.45 

.47 

45 

.47 

.45 

.47 

.47 
.47 
.47 
.47 

.47 
.47 
.47 

.47 
.47 

.47 
,48 

.47 
,47 


Taag. 


r-      ! 


IZ^" 


D.  r. 


3»3i 


9.828987 
.829260 
.829532 
.829805 
.830077 
.830349 
.83J621 
.830893 
.8311C5 
.8314:^ 
.831709 

9.831981 
.832253 
.832525 
.832796 
.833068 
.833339 
.883011 
.833883 
.834154 
.834425 

9.834696 
.834967 
.835238 
.835509 
.835780 
.836051 
.836322 
.836593 
.836864 
.887ia4 

9.837405 
.837675 
.837946 
.888216 
.838487 
.838757 
.839027 
.839297 
.839568 
.839638 

9.840108 
.840378 
.840648 
.C40917 
.841187 
.841457 
.841727 
.841996 
.812266 
.842535 

9. 8428ft  J 
.8413074 
.84;«43 
.ai3612 
.843882 
.844151 
.844420 
.844689 
.844958 

9.845227 


D.  1". 


Cotang. 


4.55 
4.53 
4.55 
4.. 53 
4.53 
4.53 
4.53 
4.53 
4.53 
4.53 
4.53 


53 
53 
52 
53 
62 
53 
52 
4.53 
4.52 
4.52 

4.52 
4.52 
4.52 


4 
4 
4 
4 
4 
4 
4 


52 
52 
52 
52 
52 
50 
52 


4.50 
4.52 
4.50 
4.52 
4.50 
4.50 
4.50 
4.52 
4.50 
4.50 

4.50 
4.50 
4.48 
4.60 
4.50 
4.50 
4.48 
4.50 
4.48 
4.50 

4.48 
4.48 
4.48 
4.50 
4.48 
4.48 
4.48 
4.48 
4.48 


Cotang. 


CO 

59 


10.171013 
. 170740 
.170468  I  58 
.170195  ,  57 
.169923  I  56 
.169651  i  .55 
.169379  54 
.109107  53 
.168835 
.16a563 
.168291 

10.168019 
.167747 
.167475 
.167204  ■  46 
.166932  ;  45 
.166661  ,  44 
.166380 
.166118 
.165846 
.165575 

10.165304 
.165033 
.1(V4762 
.104491 
.104220 
.163949 
.163678 
.163407 
.163136  ;  31 
.162860  30 

10.162595 
.162325 
.162054 
.161784 
.161513 
.161»43 
.160973 
.160703 
.160432 
.160162 

10.159892 
.159622 
.159352 
.15908:3 
.158813 
.1.58543 
.158273  13 
.1.58004 
.157734 
.157465 

10.r>7195 
156926 

.156657 

.156388 

.156118 

.1.55849 

.155580 

.1.55311 

.1.55042 
10.154773 


D.  1' 


Tang. 


55 


56* 


TABLE  XXV.— LOGARITHMIC  SINES, 


144* 


1 


Sine. 


9. 


758591 
.75877:!j 
.758052 
.759132 
.759312 
.759492 
.759672 
.759852 
.760081 
.760211 
.760390 


9.760569 
.760748 
.760927 
.761106 
.761285 
.7Q14M 
.761642 
.761821 
.761999 
.762177 


9.763856 
.762584 

.762712 
.762889 
.763067 
.763245 
.763422 
.763600 
.763777 
.763964 

9.764181 
.764308 
.764485 
.764662 
.764888 
.765015 
.765191 
.765867 
.765544 
.765720 

9.765896 
.766072 
.766247 
.766423 
.766598 
.766774 
.766949 
.767124 
.767300 
.767475 

9.767649 
.767824.1 
.767999 
.768173 
.768348 
.768522 
.768697 
.768871 
.769045 

9.769219 


D.  1'. 


3.02 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.98 
3.00 
2.96 
2.98 

2.98 
2.98 
2.98 
2.96 
2.96 
2.97 
2.96 
2.97 
2.97 
2.96 

2.97 
2.97 
2  95 
2.97 
2.97 
2.95 
2.97 
2.95 
2.95 
2.95 


.95 
.95 
.95 
.93 
.95 
2.93 
2.93 
2.95 
2.93 
2.93 


2. 
2. 
2. 

2. 
2. 


2. 
2. 
2. 


.93 
.92 
.93 
2.92 
2.93 
2.92 
2.92 
2.93 
2.92 
2.90 

2.92 
2.92 
2.90 
2.92 
2.90 
2.92 
2.90 
2.90 
2.90 


Cosine,  i  D.  1'. 


Cosine. 


9.913865 
.913276 
.918187 
.913099 
.913010 
.912922 
.912833 
.912744 
.912665 
.912566 
.912477 

9.912888 
.912299 
.912210 
.912121 
.912031 
.911942 
.91ia58 
.911763 
.911674 
.911684 

9.911495 
.911405 
.911315 
.911226 
.911136 
.911046 
.910956 
.910866 
.910776 
.910686 

9.910596 
.910506 
.910415 
.910325 
.910235 
.910144 
.910054 
.909963 
.909873 
.909782 

9.909691 
.909601 
.909510 
.909419 
.909328 
.909287 
.909146 
.909055 
.906964 
.906873 

9.906781 
.906690 
.908599 
.908507 
.908416 
.908324 
.908233 
.908141 
.908049 

9. 9^958 


D.  1'. 


1.48 
1.48 
1.47 


.48 
.47 
.48 
.48 
.48 
.48 
.48 
.48 


1.48 
1.48 
1.48 
1.50 
1.48 
1.48 
1.50 
1.48 
1.50 
1.48 

1.50 
1.50 
1.48 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

1.50 


52 
50 
50 
52 
60 
62 
60 
1.52 
1.52 

1.50 
1.52 
1.52 
1.62 
1.52 
1.52 
1.62 
1.52 
1.52 
1.53 

1.52 
1.62 
1.53 
1.52 
1.53 
1.52 
1.53 
1.53 
1.52 


Tang. 


9.645227 
.645496 
.845764 
.646033 
.846302 
.846570 
.846839 
.847106 
.847376 
.847644 
.847913 

9.848181 
.848449 
.848717 
.846986 
.849254 
.849522 
.849790 
.850057 
.850825 
.850593 

9.850661 
.651129 
.651396 
.851664 
.651931 
.852199 
.852466 
.652733 
.858001 
.853266 

9.868535 

.853602 
.654069 
.654336 
.654603 
.854870 
.655187 
.666404 
.855671 
.855988 

9.856204 
.856471 
.856737 
.857004 
.657270 
.857537 
.857803 
.658069 
.858336 
.858602 

9.858808 
.859134 
.869400 
.859606 
.^59932 
.860198 
.860464 
.860730 
.860995 

9.861261 


Sine.  I  D.  r.  i!  Cotang. 


4.48 
4.47 


48 
48 
47 
48 
48 
4.47 
4.47 
4.48 
4.47 


47 
47 
46 
47 
47 
47 
4.45 
4.47 
4.47 
4.47 


4. 
4. 
4. 
4. 
4. 
4. 
4. 


.47 
.45 
.47 
.45 
.47 
.45 
.46 
4.47 
4.46 
4.46 


4.46 
4.45 
4.46 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.48 

4.45 
4.43 
4.46 
4.48 
4.46 
4.43 
4.43 
4.45 
4.43 
4.43 

4.43 
4.43 
4.43 
4.43 
4.43 
448 
4.43 
4.42 
4.48 


Cotang. 


10.154773 
.164504 
.164236 
.153967 
.163698 
.163430 
.168161 
.162692 
.152624 
.152866 
.152087 

10.151819 
.151551 
.161283 
.161014 
.160746 
.16(M78 
.150810 
.149943 
.149675 
.149407 

10.149139 
.148871 
.148604 
.148336 
.148069 
.147801 
.1475a4 
.147267 
.146999 
.146732 

10.146465 
.146196 
.146031 
.145664 
.145897 
.145180 
.144863 
.144596 
.144829 
.144062 

10.148796 
.143529 
.143263 
.142996 
.142730 
.142463 
.142197  , 
.141931 
.1416W  1 
.141398  , 

10.141182  ! 
.140666 
.140600 
.140834  I 
.140068  ! 
.138602 
.189686 
.188870 
.188006 

10.188780 


GO 
69 
56 
57 
66 
55 
54 
63 
62 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

38 

88 

87 
86 
85 
»ft 
83 
82 
31 
80 

29 
28 
27 
26 
25 
24 
28 
22 
21 
20 

19 
18 
17 
16 
15 
14 
IS 
12 
11 
10 

0 
8 
7 
6 
6 
4 
S 
8 
1 
0 


D.  r.  I 


125 


Tang.  I  '  I 


vv-Jt 


36« 


COSINES.  TANGENTS,  AND  COTANGENTS. 


143< 


Sine. 


D.  !• 


0 
1 
2 

3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
69 
60 


126' 


9.769219 
.769393 
.769566 
.769740 
.769913 
.770067 
.770260 
.770438 
.770606 
.770779 
.770952 

9.771125 
.771298 
.771470 
.771643 
.771815 
.771987 
.772159 
.772331 
.772503 
.772675 

9.772847 
.773018 
.778190 
.773361 
.773533 
.773704 
.773875 
.774046 
.774217 
.774388 

9.774568 
.774729 
.774899 
.775070 
.775240 
.775410 
.775580 
.775750 
.775920 
.776090 

9.776259 
.776429 
.776598 
.776768 
.776937 
.77ri06 
.777275 
.777444 
.777613 
.777781 

9.777950 
.778119 
.778287 
.778455 
.778624 
.778792 
.778960 
.779128 
,779295 

9.779463 


Cosine. 


2.90 
2.88 
2.90 
2.88 
2.90 
2.88 
2.88 
2.88 
2.88 
2.88 
2.88 

2.88 
2.87 
2.88 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 

2.85 

2.87 
2.85 
2.87 
2.85 
2.85 
2.85 
2.85 
,2.85 
2.83 

2.85 
2.83 
2.85 
2.83 
2.83 
2.83 
2.83 
2.83 
2.83 
2.82 

2.83 
2.82 
2.83 
2.82 
2.82 
2.82 
2.82 
2.82 
2.80 
2.82 

2.82 
2.80 
2.80 
2.82 
2.80 
2.80 
2.80 
2.78 
2.80 


Cosine. 


9.907958 
.907866 
.907774 
.907682 
.907590 
.907498 
.907406 
.907314 
.907222 
.907129. 
.907037 

9.906945 
.906852 
.906760 
.906667 
.906575 
.906482 
.906389 
.906296 
.906204 
.906111 

9.906018 
.905925 
.905832 
.905739 
.905645 
.905558 
.905459 
.905366 
.905272 
.905179 

9.905085 
.904992 
.904898 
.904804 
.904711 
.904617 
.904523 
.904429 
.904335 
.904241 

9.904147 
.904053 
.903959 
.903864 
.903770 
.908676 
.903581 
.903487 
.903392 
.908298 

9.903203 
.903108 
.9030(4 
.902919 
.902824 
.902729 
.902634 
.902589 
.902444 

9.902349 


D.  r.    II     Sine. 


D.  1'. 


1.53 
1.53 
1.53 
1.53 
1.58 
1.58 
1.53 
1.53 
1.55 
1.53 
1.58 

1.55 
1.53 
1.55 
1.53 
1.55 
1.55 
1.55 
1.53 
1.55 
1.55 


55 
55 
55 
57 
55 
55 
55 
57 
55 


1.57 

1.55 
57 
57 
55 
57 
1.57 
1.57 
1.57 
1.57 
1.57 


57 
57 
58 
57 
57 
58 
57 
58 
1.57 
1.58 


1.58 
1.57 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 


Tang. 


D.  V. 


btfo 


9.861261 
.861527 
.861792 
.862058 
.862323 
.862589 
.8628&4 
.863119 
.863385 
.863650 
.863915 

9.864180 
.864445 
.864710 
.864975 
.865240 
.865605 
.865770 
.866035 
.866300 
.866564 

9.866829 
.867094 
.867858 
.867623 
.867887 
.868152 
.868416 
.868680 
.868945 
.869209 

9.869473 
.860737 
.870001 
.870265 
.870529 
.870793 
.871057 
.871821 
.871685 
.871849 

9.872112 
.872376 
.872640 
.872903 
.87"3167 
.873430 
.87'3G94 
.873957 
.874220 
.874484 

9.874747 
.875010 
.875273 
.8755:^7 
.875800 
.876063 
.87(S20 
.87'6689 
.876852 

9.877114 


B.  1'. 


Cotang. 


4.43 
4.42 
4.48 
4.42 
4.43 
4.42 
4.42 
4.43 
4.42 
4.42 
4.42 

4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.40 
4.42 

4.43 

4.40 
4.42 
4.40 
4.42 
4.40 
4.40 
4  42 
4.40 
4.40 

4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.38 

4.40 
4.40 
4.38 


4. 
4. 
4. 
4. 
4. 
4. 


40 
38 
40 
38 
38 
40 


4.38 

4.38 
4.38 
4.40 
4.38 
4.38 
4.38 
4.38 
4.38 
4.37 


10.188739 
.138473 
.138208 
.187942 
.137677 
.137411 
.137146 
.136881 
.136615 
.136350 
.136085 

10.135820 
.135555 

Assmo 

.135025 
.134760 
.134495 
.184230 
.138965 
.133700 
.133436 

10.183171 
.182900 
.182642 
.132377 
.132113 
.131848 
.131584 
.131320 
.131055  I  31 


.liUJiVl 

30- 

10.130527 

29 

.130263 

28 

.129999 

27 

.129735 

26 

.129471 

25 

.129207 

24 

.128948 

23 

.128679 

22 

.128415 

21 

.128151 

20 

10.127888 

19 

.1276JJ4 

18 

.127360 

17 

.127097 

16 

.126833 

15 

.126670 

14 

.126306 

13 

.126043 

12 

.125780 

11 

.125516 

10 

10.125253 

9 

•  .124990 

8 

.124727 

7 

.124463 

6 

.124200 

5 

.123937 

4 

.123674 

3 

.123411 

2 

.123148 

1 

10.122886 

0 

Cotang.  i  D.  1'.  I  Tang. 


63- 


TABLE  XXV.-LOGABTTHMIO  SINES, 


142« 


Sine. 


D.  r. 


9.779463 
.779681 
.779798 
.779966 
.780138 

.Tsasoo 

.780467 
.780634 
.780801 
.780968 
.781134 

9.781301 
.781468 
.7816.^ 
.781800 
.781966 
.7"82132 
.782398 
.782404 
.7826)0 
.782796 

9.783961 
.783127 
.788292 
.783458 
.783C2;i 
.783788 
.783953 
.784118 
.784282 
.784447 

9.784612 
.784776 
.784941 

.7a->ia5 

.785269 
.7a5433 
.7a'5697 
.785761 
.785925 
.786089 

9.786252 
.78W16 
.786579 
.786742 
.780JK)(i 
.7870(59 
.78r2:« 
.78r:*)5 
.787.V)7 
.787720 

9.787883 
.788045 
.788208 
.788370 
.78K532 
.788694 
.788856 
.789018 
.789180 

9.789342 


Cosine. 


2.80 

2.78 
2.80 


2 
2. 
2. 
2 
2 
2 


78 
78 
78 
78 
78 
78 


2.77 
2.78 

2.78 
2.77 
2.77 
2.77 
2.77 
2.77 
2.77 
2.77 
2.77 
2.75 


2. 
2. 
2. 
2. 


2.77 
2.75 
.77 
.75 
.75 
.75 
2.75 
2.73 
2.75 
2.75 

-2.73 
2  75 
2.73 
2.73 
2.73 
2.78 
2.73 
2.73 
2.73 
2.72 

2.78 
2.72 
2.72 
2.73 
2.72 
2.72 
2.72 
2.70 
2.72 
2.?2 

2.70 
2.72 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 


Cosine. 


D  r 


9.902849 
.902253 
.902158 
.902068 
.901967 
.9018?^ 
.901776 
.901681 
.901585 
.901490 
.901394 

9.901296 
.901202 
.901106 
.901010 
.900914 
.900818 
.900722 
.900626 
.900529 
.900433 

9.900337 
.900240 
.900144 
.900047 
.899951 
.899854 
.899757 
.899660 
.899564 
.89^67 

9.899370 
.899273 
.899176 
.899078 
.898981 
.8988W 
.898787 
.898689 
.898592 
.898494 

9.898397 
.898299 
.898202 
.898104 
.898006 
.897908 
.897810 
.897712 
.897614 
.897516 

9.897418 
.897320 
.897222 
.897123 
.807025 
.89692(3 
.896828 
.896729 
.896()31 

9.89(J532 


D.  r. 


Tang. 


.60 

.58 
.58 
.60 
.58 
.60 
.58 
.60 
.58 
.60 
.60 

.60 
.60 
.60 
.60 
.60 
.60 
.60 
.62 
.60 
.60 

.62 
.60 
.62 
.60 
.62 
.62 
.62 
.60 
.62 
.62 

.62 

.62 

.63 

.62 

.62 

.62 

.63 

.62 

.63  ^ 

.62 

.63  " 

62 

63 

63 

63 

63 

03 

63 

63 

63 

63 
63 
65 
63 
65 
63 
G5 
63 
65 


9.6r?114 
.877877 
.877640 
.877903 
.878165 
.87&428 
.878691 
.878953 
.879216 
.879478 
.879741 

9.880003 
.880265 
.880528 
.880790 
.881052 
.881814 
.881577 
.881839 
.882101 
.882368 

9.882625 

.882887 
.883148 
.883410 
.8836?2 
.883934 
.884196 
.884457 
.884719 
.884980 

9.885242 
.885604 
.885765 
.886026 
.886288 
.886549 
.886811 
.887072 
.887338 
.887594 

9.887855 
.888116 
.888378 
.888639 
.888900 
.889161 
.889421 
.889682 
.889943 
.890204 

9.890465 
.890725 
.890986 
.891247 
.891.507 
.891768 
.892028 
.892289 
.892549 

9.892810 


D.  r. 


Cotang. 


4. 
4. 
4. 
4, 
4, 
4, 
4 
4 
4 
4. 
4 


88 
38 
38 
37 
88 
88 
87 
88 
37 
88 
87 


87 
38 
87 
37 
37 
88 
4.37 
4.37 
4.37 
4.37 

4.87 
4.36 
4.37 


37 
87 
87 
,85 
87 
85 


4.87 

4.87 
4.85 
4.85 
4.87 
4.86 


37 
85 
86 
86 
86 


4.85 
4.87 
4.85 
4.8b 
4.35 
4.38 
4.36 
4.86 
4.85 
4.35 

4.83 
4.86 
4.35 
4.83 
4.36 
4.88 
4.86 
4. .38 
4.86 


Sine. 


D.  r.  I.  Cotang.  I  D.V. 


lo.ioosa^ 

.109275 
.109014 
.108753 
.10^03 
.108282 
.107972 

.lomi 

.107451 
10.107190 


10.128886 
.12S628 
.122860 
.122097 
.121885 
.121572 
.121809 
.121047 
.1207S4 
.120622 
.120259 

10.119997 
.119735 
.119472 
.119210 
.118948 
.118686 
.118423 
.118161 
.117899 
.117687 

lO.ll-rara  39 
.lini3  ,  88 
.116852 
.116690 
.116328 
.116066 
.115804 
.115543 
.115281  81 
.116090  30 

10.114758  '  29 

.114496  28 

.114235  I  27 

.118974  '  26 

.118712  25 

.118451  24 

.118189  23 

.112928  22 

.112667  21 

.112106  20 

10.112145  i  19 

.111884  '18 

.111622  17 

.111861  16 

.111100  •  16 

.110639  14 

.110679  13 

.110818  12 

.110067  11 

.109796  10 


60 
59 
68 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


87 
86 
35 
34 
83 


9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Tang. 


127* 


38& 


sr 


sa« 


COSlNEfl,  tTANGENTS,  AND  COTANGENTS 


141< 


/ 

0 

Sine. 

9.789342 

1 

.789504 

3 

.789665 

8 

.789827 

4 

.789988 

5 

.790149 

6 

.790310 

7 

.790471 

8 

.790632 

9 

.790793 

10 

.790954 

11 

9.791115 

12 

.791275 

13 

.791436 

14 

.791696 

16 

•  .791757 

16 

.791917 

17 

.792077 

18 

.79223Y 

19 

.792397 

20 

.792567 

21 

9.792716 

22 

.792876 

23 

.793035 

24 

.793195 

1 

25 

.793354 

' 

26 

.793614 

27 

.793673 

28 

.793832 

29 

.793991 

30 

.794150 

31 

9.794306 

32 

.794467 

33 

.794626 

34 

.794784 

35 

.794942 

36 

.796101 

37 

.796259 

38 

.795417 

39 

.795575 

40 

.795733 

41 

9.796891 

42 

.796049 

43 

.796206 

44 

.796364 

45 

.796521 

46 

.796679 

47 

.796836 

48 

.796993 

49 

.797150 

50 

.797307 

51 

9.797464 

52 

.797621 

53 

.797777 

54 

.797934 

55 

.798091 

56 

.798247 

57 

.798403 

58 

.79*560 

59 

.798716 

1 

60 

1 

9.7988ra 

Cosine. 

D.n 


2.70 
2.68 
2.70 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 

2.67 
2.68 
2.67 
2.68 
2.67 
2.67 
2.67 
2.67 
2.67 
2.65 

2.67 
2.66 
2.67 
2.65 
2.67 
2.65 
2.65 
2.65 
2.65 
2.63 


.65 
.65 
.63 
.63 
.66 
.63 
.63 


2. 

2. 

2. 

2. 

2. 

2. 

2. 

2.63 

2.63 

2.63 


2.63 
2.62 
2.63 
2.62 
2.63 
2.62 
2.62 
2.62 
2.62 
2.62 

2.62 
2.60 
2.62 
2.62 
2.60 
2.60 
2.62 
2.60 
2.60 


Cosine. 


9.896533 
.896438 
.896335 
.896236 
.896137 
.896038 
.896939 
.895840 
.895741 
.895641 
.895642 

9.896443 
.895343 
.895244 
.896145 
.895045 
.894945 
.894846 
.894746 
.894646 
.894546 

9.894446 
.894346 
.894246 

.894146 
.894046 
.898946 
.893846 
.893745 
.893645 
.893544 


9 


D.  r. 


893444 
.893343 
.893213 
.893142 
.893041 
.892940 
.892839 
.892739 
.892638 
.892536 

9.892435 
.892334 
.8922a3 
.892132 
.892030 
.891929 
.891827 
.891726 
.891624 
.891523 

9.891421 
.891319 
.891217 
.891115 
.891013 
.890911 
.890809 
.890707 
.890605 

9.8905a3 

Sine. 


D.  r. 


1.65 
1.63 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.67 
1.65 
1.65 

1.67 
1.65 
1.65 
1.67 
1.67 
1.66 
1.67 
1.67 
1.67 
1.67 


.67 
.67 
,67 
.67 
.67 
.67 
.68 


1.67 


.68 
.67 


1.68 
1.67 
1.68 
1.68 
l.t« 
1.68 
1.67 
1.68 
1.70 
1.68 

1.68 
1.68 
1.68 
1.70 
1.68 
1.70 
1.68 
1.70 
1.68 
1.70 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


Tang. 


9.892810 
.893070 
.898831 
.893691 
.898861 
.894111 
.894372 
.894632 
.894892 
.895162 
.895412 

9.895672 
.895932 
.896192 
.896452 
.896712 
.896971 
.897231 
.897491 
.897751 
.898010 

9.898270 
.898630 
.898789 
.899049 
.899308 
.899568 
.a99827 
.900087 
.900846 
.900605 

9.900864 
.901124 
.901383 
.901642 
.901901 
.902160 
.902420 
.902679 
.902938 
.903197 

9.903456 
.903714 
.903973 
.904232 
.904491 
.  904750 
.905008 
.905287 
.905526 
.905785 

9.906043 
.906302 
.906560 
.906819 
.907077 
.907336 
.907594 
.907H53 
.908111 

9.908369 


D.  1".   Cotang. 


D.  1'. 


4. 

4. 
4. 
4. 
4. 


.83 
.35 
.83 
.33 
.33 
4.36 
4.33 
4.83 
4.33 
4.33 
4.33 


33 
,83 
83 
83 
82 
83 
,33 
33 
32 
33 


4.83 
4.32 
4.83 
4.32 
4.38 
4.32 
4.3:3 
4.32 
4.32 
4.32 

4.83 
4.32 
4.32 
4.32 
4.32 
4.33 
4.32 
4.82 
4.32 
4.82 

4.30 
4.82 
4.32 


4 
4 
4 
4 
4, 
4 
4 


32 
32 
30 
82 
83 
83 
80 


4.32 
4.30 


4 
4 

4, 

4. 

4. 
4. 


32 
30 
32 
30 
32 
30 


4.30 


D.  1". 


Cotang. 


10.107190 
.106930 
.106669 
.106409 
.106149 
.105889 
.105628 
.105368 
.105108 
.104843 
:  104588 

10.104828 
.104068 
.103808 
.103548 
.103288 
.103029 
.102769 
.102509 
.102249 
.101990 

10.101730 
.101470 
.101211 
.100951 
.100692 
.100432 
.100173 
.099913 
.099654 
.099395 

10.099136 
.096876 
.098617 
.096858 
.096099 
.097840 
.097580 
.097821 
.097062 
.096803 

10.096544 
.096286 
.096027 
.095768 
.095?09 
.095250 
.094902 
.09473ii 
.094474 
.094215 

10.098957 
.003698 
.093440 
.093181 
.09292;^ 
.092664 
.092406 
.092147 
.091889 

10.091631 


Tang. 


\W 


60 

59 

S8 

67 

56 

66 

54 

63- 

52 

51 

50 

49 

47 
46 
45 
44 
48 
42 
41 
40 

39 

38 
87 
86 
85 
34 
[  38 
82 
81 
90 

29 
2» 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

.9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


or 


39« 


TABLE  XXV.— LOGARITHMIC  SINES, 


140« 


0 

1 

2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


129« 


Sine. 


9.798872 
.799028 
.799184 
.799339 
.799495 
.799651 
.799806 
.799962 
.800117 
.800272 
.800427 

9.800582 
.8001'37 
.8()08i)2 
.801047 
.S01201 
.801356 
.801511 
.8016G5 
.801819 
.801973 

9.802128 
.802282 
.802436 
.802589 
.802743 
.802897 
.803050 
.803204 
.803357 
.808511 

9.803664 
.803817 
.803970 
.804123 
.804276 
.804428 
.804581 
.804734 
.804886 
.805039 

9.805191 
.805343 
.80&495 
.805647 
.805799 
.805961 
.8Q6103 
.806254 
.806406 
.806557 

9.806709 
.806860 
.807011 
.807163 
.807314 
.807465 
.807615 
.807766 
.807917 

9.808067 


D.  1*. 


2.60 
2.60 
2.68 
2.60 
2.60 
2.58 
2.60 
2.58 
2.58 
2.58 
2.58 

2.58 
2.58 
2.58 
2.57 
2.58 
2.58 
2.57 
2.57 
2.57 
2.58 


2. 
2. 
2. 
2. 
2. 


.67 
.57 
.55 
.57 
.57 
2.55 
2.57 
2.55 
2.f.7 
2.55 

2.55 
2.55 
2.56 
2.55 
2.55 
2.55 
2.55 
2.63 
2.56 
2.63 

2.58 
2.53 
2.53 
2.53 
2.53 
2.53 
2.52 
2.63 
2.62 
2.53 

2.52 
2.52 
2.53 
2.52 
2.52 
2.50 
2.52 
2.52 
2.50 


Cosine.  I  D.  1*. 


Cosine. 


9.890503 
.890400 
.890298 
.890195 
.890093 
.889990 
.889888 
.889785 
.889682 
.889579 
.889477 

9.889374 
.889271 
.889168 
.889064 
.888901 
.888858 
.888755 
.888651 
.888548 
.888444 

9.888341 
.888237 
.888134 
.888030 
.887926 
.887822 
.887718 
.887614 
.887510 
.887406 

9.887302 
.887198 
.887093 
.886989 
.886885 
.886780 
.886676 
.886571 
.886466 
.886362 

9.886257 
.886152 
.886047 
.885942 
.885837 
.885732 
.885627 
.885522 
.885416 
.885311 

9.885205 
.885100 
.884994 
.884889 
.8^4783 
.884677 
.884572 
.884466 
.884360 

9.884254 


D.  r 


Tang. 


,72 
.70 
72 
,70 
,72 
,70 
.72 
.72 
.72 
.70 
.72 

.72 
.72 
.73 
.72 
.72 
.72 
.73 
.72 
.73 
.72 

.73 
.72 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 

.73 
.75 
.73 
.73 
.75 
.Td 
.75 
.75 
.73 
.75 

.75 
.75 
.75 
.75 
.76 
.76 
.75 
.77 
.75 
.77 

.775 
.77 
.75 
.77 
.77 
.75 
,77 

.  t  i 

.77 


9.908369 
.908628 
.908886 
.909144 
.909402 
.909660 
.909918 
.910177 
.910435 
.910693 
.910951 

9.911209 
.911467 
.911725 
.911982 
.912240 
.912498 
.912756 
.9i:»14 
.913271 
.913529 

9.913787 
.914044 
.914302 
.914560 
.914817 
.915075 
.915332 
.916590 
.915847 
.916104 

9.916362 
.916619 
.916877 
.917134 
.917391 
.917648 
.917906 
.918163 
.918420 
.918677 

9.918934 
.919191 
.919448 
.919705 
.919962 
.920219 
.920476 
.920733 
.920990 
.921247 

9.921503 
.921760 
.922017 
.922274 
.922530 
.922787 
.923044 
.923300 
.923557 

9.923814 


D.  1'. 


4.32 
4.30 
4.30 
4.30 
4.30 
4.30 
4.82 
4.30 
4.30 
4.30 
4.30 

4.30 
4.30 
4.28 
4.30 
4.30 
4.30 
4.30 
4.28 
4.30 
4.30 

4.28 
4.30 


4, 
4 
4 
4 
4. 
4, 
4, 
4 


30 
28 
30 
28 
30 
28 
28 
30 


4.28 
4.30 
4.28 
4.28 


,28 
30 
,28 
.28 
.28 
.28 


28 

28 
28 
28 
28 
28 
28 
4.28 
4.28 
4.87 

4.28 
4.28 
4.28 
4.27 
4.28 
4.28 
4.27 
4.28 
4.28 


Sine. 


D,  r.  I,  Cotang.  I  D.  1' 


Cotang.  I  ' 


10.091631  60 
.09137^-2  ,  59 
.091114  I  58 
.190856  57 
.090598  56 
.090340  :  55 
.090082  54 
.089823  53 
.089565  52 
.089307  I  61 
.089049  ,  50 

10.088791  ,  49 
.088533  ,  48 
.088275  47 
.088018  46' 
.087760  !  45 
.087502  44 
.087244  '  43 
.086986  i  42 
.086729  41 
.08W71  I  40 

10.086213  39 

.085956  38 

.085698  37 

.085440  36 

.065183  35 

.064925  34 

.084668  3». 

.084410  as 

.064153  81 
.063896  30 

10.083638  29 
.083381  28 
.083123  ,  27 
.082866  28 
.062609  2j 
.062352  ,  24 
.082094  23 
.081837  22 
.081580  21 
.081323  20 

10.081066  19 

.080609  ,  18 

.080552  17 

.080295  16 

.080038  I  15 

.079781  14 

.079534  18 

.079267  12 

.079010  11 

.078753  IQ 

9 
8 
7 
6 
5 
4 
8 
2 
1 
0 


10.078497 
.078240 
.0779*3 
.077726 
.077470 
.077213 
.076056 
.076700 
.076443 

10.076186 


Tang.     I   ' 


so* 


40« 


COSINES.  TANGENTS,  AND  COTANGENTS. 


i8d' 


0 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

31 
82 
38 
84 
85 
86 
87 
88 
39 
40 

41 
42 

48 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Sine. 


D.  r. 


9.808067 
.808218 
.808368 
.808519 
.808669 
.808819 
.808969 
.809119 
.809269, 
.800419 
.809569 

9.809718 
.809868 
.810017 
.810167 
.810316 
.810465 
.810614 
.810763 
.810912 
.811061 

9.811210 
.811358 
.811507 
.811655 
.811804 
.811952 
.812100 
.812248 
.812896 
.812644 

9.812692 
.812840 
.812988 
.813185 
.818283 
.813430 
.818578 
.818725 
.818872 
.814019 

9.814166 
.814313 
.814460 
.814607 
.814753 
.814900 
.815046 
.815193 
.815339 
.815485 

9.615632 
.815778 
.81.5924 
.816069 
.816215 
.816861 
.816607 
.810652 
.816798 

9.816948 


'      Cosine.      D.  1 


2.52 
2.50 
2.52 
2.50 
2.50 
50 
50 
50 
50 
50 


2.48 

2.50 
2.48 
2.50 
2.48 
2.48 
2.48 
2.48 
2.48 
2.48 
2.48 

2.47 
2.48 
2.47 
2.48 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 

2.47 
2.47 
2.45 
2.47 
2.45 
2.47 
2.45 
2.45 
2.45 
2.45 

2.45 
2.45 
2.45 
2.43 
2.45 
2.43 
2.45 
2.43 
2.43 
2.45 

2.43 
2.43 
42 
43 
43 
43 
2.42 
2.43 
2.42 


Cosine.' 


D.  r. 


9.884254 
.884148 
.884042 
.883936 
.883829 
.883723 
.883617 
.883510 
.883404 
.883297 
.883191 

9.883084 
.882977 
.882871 
.882764 
.882657 
.882550 
.882443 
.882336 
.882229 
.882121 

9.882014 
.881907 
.881799 
.881692 
.881584 
.881477 
.881369 
.881261 
.881153 
.881046 

9.880938 
.880830 
.880722 
.880613 
.880505 
.880397 
.880289 
.880180 
.8800?2 
.879963 

9.879665 
.879746 
.879637 
.879629 
.879420 
.879311 
.879202 
.879093 
.878984 
.8';'8875 

9.878766 
.878656 
.878547 
.878438 
.878828 
.878219 
.878109 
.877999 
.877890 

9.877780 


77 
77 
77 
78 
77 
77 
1.78 
1.77 
1.78 
1.77 
1.78 

1.78 


77 
78 
78 
78 
78 
78 
78 
1.80 
1.78 


1.78 
1.80 
1.78 


.80 
.78 
.80 
.80 
.80 
.78 
.80 


1.80 
1.80 
1.82 


.80 
.80 
.80 
,82 
,80 
,82 
,80 


1.82 

1.82 
1.80 
1.82 
1.82 
1.82 
1.82 
1.82 
1.82 
1.82 

1.83 
1.82 


.82 
.83 
.82 
.83 
.83 


1.82 
1.83 


l$0o 


Sine.    I  D.  1'. 


.HO0 


Tang. 


9.928814 
.924070 
.924327 
.924683 
.924840 
.925096 
.925352 
.925609 
.925866 
.926122 
.926378 

9.926634 
.926890 
.927147 
.927408 
.927659 
.927915 
.928171 
.928427 
.928684 
.928940 

9.929196 
.929452 
.929708 
.929964 
.980220 
.930475 
.980731 
.930987 
.931243 
.931499 

9.931755 
.932010 
.932266 
.982522 
.93277« 
.938033 
.938289 
.983545 
.&33800 
.934056 

9.934311 
.934567 
.934822 
.93507S 
.935333 
.985589 
.935844 
.936100 
.936355 
.936611 

9.936866 
.937121 
.937377 
.987632 
.937887 
.988142 
.938398 
.a38653 
.988908 

9.989163 


Cotang. 


D.  r. 


27 
28 
27 
28 
27 
4.27 
4.28 
4.27 
4.28 
4.27 
4.27 


27 
28 
27 
27 
27 
27 
4.27 
4.28 
4.27 
4.27 

4.27 

4.27 
4.27 
4.27 


4. 
4. 
4. 
4. 
4. 
4, 


25 
27 
27 

27 
27 
27 


4.25 
4.27 
4.27 
4.27 
4.25 


4. 
4. 

4. 
4. 
4. 


27 
27 
25 
27 
25 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


.27 
.25 
.27 
.25 
.27 
.25 
.27 
.25 
4.27 
4.25 


4.25 
4.27 
4.25 
4.25 
4.25 
4.27 
4.25 
4.25 
4.25 


D.  1". 


Cotang. 


10.076186 
.075930 
.075673 
.075417 
.075160 
.074904 
.074648 
.074891 
.074135 
.073878 
.073622 

10.073366 
.073110 
.072853 
.072597 
.072341 
.072085 
.071829 
.071573 
.071316 
.071060 

10.070804 
.070548 
.070292 
.070036 
.069780 
.069525 
.069269 
.069013 
.068757 
.068501 

10.068245 
.067990 
.067734 
.067478 
.067222 
.066967 
.066711 
.066455 
.066200 
.065944 

10.065689 
.065433 
.066178 
.064922 
.064667 
.064411 
.064156 
.063900 
.063645 
.063389 

10.063134 
.062879 
.062623 
.062868 
.062113 
.061858 
.061602 
.061347 
.061092 

10.060837 


Tang. 


49« 


TABLE  XX^.-^jOGARITHIOC  SiSES, 


lUf" 


Sine. 


9.816948 

.817088 
.817333 
.817879 
.817534 
.917868 
.817813 
.817958 
.818103 
.818247 
.818892 

9.818536 

.818681 
.818825 
.818969 
.819113 
.819857 
.819101 
.819545 
.819689 
.819832 

9.819976 
.820120 
.820263 
.820408 
.820550 
.820693 
.8208:% 
.820979 
.821122 
.821265 

9.821407 
.821550 
.821693 
.821835 
.821977 
.822120 
.822262 
.822404 
.822546 
.822688 

9.822830 

.822972 
.823114 
.823255 
.823397 
.823539 
.823680 
.82:W21 
.8239(;3 
.824104 

9.824245 

.824386 
.824527 
824668 
.824808 
.824949 
.825090 
.825230 
.825371 
9.825611 

Cosine. 


D.  1". 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


42 
42 
43 
42 
40 
42 
42 
42 
40 
42 


2.40 


42 
40 
40 
2.40 
2.40 
40 
40 
40 
88 
40 


2.40 
2.38 
2.38 
.40 
.38 
.38 
.88 
.88 
.38 


2. 
2. 
2. 
2. 
2. 
2. 


2.87 

2.38 
2.38 
2.37 
2.37 
2.38 
2.87 
2.87 
2.87 
2.87 
2.37 

2.87 
2.87 
2.85 
2.87 
2.37 
2.35 
2.85 
2.37 
2.85 
2.85 

2.85 
2.85 
2.85 
2.33 
2.85 
2.35 
2.33 
2.85 
2.83 


D.  r. 


Cosine. 


9.877780 
.877W0 
.877560 
.877450 
,877340 
.877230 
.877120 
.877010 
.876899 
.876TO9 

9.876568 
.8jn457 
.876847 
.976236 
.876125 
.878014 
.87S904 
.875793 
.875682 
.875671 

9.875459 
.875848 
.875837 

.875126 
.875014 
.874903 
.874791 
.874680 
.874568 
.874456 

9.874844 

.874232 
.874121 
.874009 
.873890 
.873784 
.873672 
.873560 
.873448 
.878835 

9.878228 
.878110 

.872998 
.872885 
.872772 
.872859 
.872547 
.872484 
.872321 
.872208 

9.879095 

.871981 
.871868 
.871755 
.871641 
.871528 
.871414 
.871801 
.871187 
9.871078 


Sine. 


D.  r. 


,83 
,83 
,83 
,83 
,83 
.83 
.83 
.85 
.88 
.85 
.83 


1.85 
1.83 
1.85 
1.85 
1.85 
1.83 
1.85 
1.86 
1.85 
1.87 

1.85 
1.85 
1.85 

1.87 
1.85 
1.87 
1.85 
1.87 
1.87 
1.87 

1.87 


.85 
.87 


1.88 


,87 
,87 
,87 
.87 

.Ho 

.87 


1.88 
1.87 
1.88 
1.88 
1.88 
1.87 
1.88 
1.88 
1.88 
1.88 

1.90 

1.88 
1.88 
1.90 
1.88 
1.90 
1.88 
1.90 
1.90 

D.  r. 


400 


Tang. 


9.98916S 
.939418 
.939673 

.SOvWiO 

.940183 

.940694 
•  jwwi^iy 
.941204 
.941459 
.941713 

9.941968 
.943223 

.942478 
.942733 
.942988 
.943243 
.943498 
.943752 
.944007 
.944262 

9.944517 
.944771 
.945026 
.945381 
.945535 
.945790 
.946045 
.946399 

.946806 

9.947068 
.947818 
.947572 
.947827 
.948081 
.948835 
.948590 
.948844 
.949099 
.949353 

9.949606 
.949862 
.960116 
.950871 
.950625 
.950879 
.951133 
.961388 
.951642 
.951896 

9.952150 
.952405 
.952659 
.952913 
.953167 
.963421 
.953675 
.953929 
.954183 

9.954437 


D.  1". 


Cotang. 


4.25 
4.25 
4.25 
4.25 
4.27 
4.25 
4.25 
4.25 
4.25 
4.28 
4.25 


4. 
4. 
4. 
4. 
4. 
4. 


.25 
.25 
.25 
.25 
.25 
.25 
4.23 
4.25 
4.25 
4.25 

4.83 

4.25 
4.25 
4.28 
4.25 
4.25 
4.28 
4.25 
4.23 
4.26 


25 
23 
25 
23 
28 
25 
28 
25 
4.28 
4.25 


4.83 
4.23 
4.25 
4.28 
4.23 
4.23 
4.25 
4.28 
4.83 
4.23 


4 
4 
4 


25 
S3 
83 


4.83 


4 

4. 
4. 
4 
4 


83 
23 
28 
83 


19.000687 

60 

.060682 

59 

.omsar,' 

58 

.080072 

67 

.068817  , 

56 

.069661  ; 

65 

.000806  { 

64 

.069051  ' 

53 

/  .066796 

52 

.066641 

61 

.066287  j 

60 

10.066092 

49 

.067777 

48 

.067522 

47 

.057867 

46 

.057012 

46 

.056757 

44 

.066602 

48 

.066248 

42 

.066993 

41 

.066788 

40 

10.065483 

SO 

.066229 

88 

.064974 

87 

.05*719 

86 

.054465 

86 

.064210 

84 

.068955 

88 

.058701 

88 

.068446 

81 

.063192 

80 

10.062987 

29 

.062682 

28 

.062428 

27 

.068173 

26 

.051919 

86 

.051665 

84 

.061410 

28 

.061156 

88 

.060901 

81 

.060647 

8U 

10.060898 

19 

.060188 

18 

.049684 

17 

.049829 

16 

.049S75 

15 

.049121 

14 

.046667 

18 

.046612 

18 

.046858 

11 

.046104 

10 

10.0478B0 

9 

.047695 

8 

.047841 

7 

.047067  1 

8 

.048688 

5 

.046679 

4 

.046885 

8 

.046071 

8 

.048617 

1 

10.048688 

»1 

Cotang.  I  D.  r.  I     Tang,     i 


4r 


w 


CO^NJia,  TAUaENTS,  ANP  OQTANOENTS. 


IZV 


1 

Sine. 

0 

9.8g55tl 

1 

.8^5651 

9 

.826791 

3 

.829931 

4 

.826071 

5 

.826211 

6 

.826851 

7 

.826491 

8 

.826631 

9 

.828770 

JO 

.826910 

11 

9.827049 

12 

.827189 

18 

.827828 

14 

.827467 

15 

.827606 

16 

.827745 

17 

.827884 

18 

.8^8028 

19 

.828162 

90 

.828801 

81 

p.828439 

^ 

.828578 

& 

.828716 

D,r. 


16 

.OtflUUU 

.827745 

17 

.827884 

18 

.8^8028 

19 

.828162 

90 

.828801 

81 

p.828489 

i^ 

.828578 

& 

.828716 

^ 

.828855 

85 

.828993 

f» 

.8)^131 

BT 

.829269 

f» 

.829407 

fSd 

.829645 

80 

.829683 

St 

9.829821 

a2 

.829959 

88 

.830097 

84 

.880234 

85 

.880872 

36 

.880609 

87 

.830646 

86 

89 

.880784 
.^0921 

40 

.831058 

41 

9.831195 

42 

.831332 

48 

.831469 

44 

.881606 

4{^ 

.831742 

40 

.831879 

47 

.832015 

48 

.832152 

40 

.832288 

50 

.882425 

51 

9-832561 

62 

.832697 

53 

.832833 

54 

.882969 

56 

.633105 

56 

.833241 

57 

.833877 

68 

.838512 

50 

.838648 

60 

9.633783 

/ 

Oosiue. 

D.  r 


Cosine. 


'  9.87^073 
.870960 
.870846 
.870782 
,870618 
.870504 
.870890 
.870276 
.870161 
.870047 
,869983 

9.869818 
.869701 
.869589 
.869474 
.869360 
.869^ 
,869130 
.869015 
.868900 
,86§785 

9.868670 
.868555 
.868440 
.868324 
.868209 
.868093 
807978 
.867862 
.867747 
.867631 

9.867515 
.867399 
.867288 
.86n67 
.867051 
.866985 
.866819 
.866703 
.866586 
.866470 

9.866353 
.866237 
.866120 
.866004 
.865887 
.865770 
.865663 
.865536 
.865419 
.865302 

g-sesia*) 

.865068 
.864950 
,864883 
.864716 
.864598 
.864481 
.864863 
.864^5 
9.864127 


D.  1'. 


88 
90 
90 
90 
90 
90 


.90 

.90 

92 

.90 
.92 
.92 
.90 
.92 
.92 
.92 


.93 
.95 
.93 
.95 
.95 
.95 
.95 
.95 
.96 
.96 

.95 
•  97 
.95 
.96 
.97 
.95 
.97 
.97 
,97 


Tftng. 


Sine.     I  D.  1". 


9.954437 
.954691 
.954946 
.955200 
.955454 
.955708 
.955961 
.966215 
.966469 
.956723 
.966977 

9.957231 
.957485 
.957789 
.957993 
.958247 
.958600 
.958764 
.959008 
.959262 
,969516 

0.959769 
.960023 
.900277 
.960530 
.960784 
.961088 
.961292 
.961545 
.961799 
.962052 

9.962306 
.962560 
.962813 
.963067 
.963320 
.963574 
.963828 
.964081 
.964335 
.961588 

9.964842 
.965095 
.965849 
.965602 
.965865 
.966109 
.966362 
.966616 
.966869 
.967123 

9.967376 
.967629 
.967883 
.968136 
.968889 
.968643 
.968896 
.969149 
.969403 

9.969656 


Cotapp. 


D.  1'. 


Cotfuig. 


4.23 
4.25 
4.23 
4.23 
4.23 
4.22 
4.23 
4.23 
4.23 
4.23 
4.23 

4.23 
4.23 
4.23 
4.23 
4.22 
4.23 
4.23 
4.23 
4.28 
4.22 


23 
23 
22 
23 
93 
23 
4.22 
4.23 
4.22 
4.23 


4. 
4. 
4. 

4. 
4. 
4. 
4. 
4, 
4. 


23 
22 
28 
22 
23 
23 
22 
23 
22 


4.23 


4. 

4. 
4. 
4. 
4. 
4. 
4. 


.22 
•23 

.23 
.22 
.23 
4.22 
4.23 
4.22 

4.22 


,23 

22 
23 
22 
22 
23 


10.015663 
.046809 
.045054 
.044800 
.044546 
.044292 
.044039 
.048785 
.043631 
.043277 
.043023 

^0,042769 
.042515 
.042261 
.042007 
.041753 
.041500 
.041246 
.040992 
.0407  8 
.0l0484 

10.0*0931 
.039977 
.039723 
.039470 
.039^16 
.038962 
.038708 
.038455 
.038201 
.037948 

10.037604 
.087440 
.037187 


.036680 
.036426 
.086172 
.035919 
.085665 
.035412 

liO.035158 
.034905 
.034651 
.034398 
.034146 
.033891 
.033088 
.033384 
.038181 
.032877 

10.aJ2624 
.032371 
.032117 
.031864 
.031611 
.031357 
.031104 
.030851 
.030597 

1Q.030344 


D.  r,  I     Tang. 


IW 


AM 


iV 


48< 


TABLE  XXV.— 1X)GARITHMI0  SINES, 


186- 


/ 

Sine. 

1 

0 

9.833783 

1 

.833919 

2 

.834054 

3 

.8;W189 

4 

.aS4325 

6 

.884460 

6 

.8:34595 

7 

.834730 

8 

.834865 

9 

.834999 

10 

.835134 

11 

9.8a'>269 

12 

.835403 

13 

.835538 

U 

.835672 

15 

.835807 

16 

.835911 

17 

.836075 

18 

.836209 

19 

.836343 

20 

.836477 

21 

9.836611 

22 

.836745 

23 

.836878 

24 

.8an)12 

25 

.837146 

26 

.&37279 

27 

.837412 

28 

.837546 

29 

.H37G79 

30 

.837812 

31 

9.837945 

82 

.838078 

33 

.838211 

34 

.838344 

35 

.838477 

36 

.838610 

37 

.838742 

88 

.838875 

39 

.8:39007 

40 

.839140 

41 

9.8392?2 

42 

.839404 

43 

.835)536 

44 

.839668  , 

45 

.8:39800 

46 

.839932 

47 

.840064 

48 

.840196 

49 

.810328 

50 

.840459 

51 

9.840591  ' 

52 

.840722 

53 

.840aM 

54 

.840985 

55 

.^41116 

56 

.841247 

57 

.841378 

58 

.&41509 

59 

.841640 

60 

9.841771 

/ 

Cosine.  1 

D.  r. 


2.27 
2.25 
2.25 
2.27 
2.25 
2.25 
2.25 
.25 
.23 
2.25 
2.25 


2. 
2. 


.28 
.25 
.28 
.25 
.23 
.23 
.23 
.23 
2.23 
2.23 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


2.23 
2.22 
2.23 
2.23 
2.22 
2.22 
2.23 

2^22 
2.22 


2.22 
2.22 
.22 
.22 
.22 
.20 
.22 
.20 
.22 
.20 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.18 
2.20 

2.18 
2.20 
2.18 
2.18 
2.18 
2.18 
2.18 
2.18 
2.18 


I).  1' 


Cosine. 


9.864127 
.8(54010 
.863^i« 
.86:3774 
.863656 
.863538 
.86:^19 
.863301 
.863183 
.863064 
.862946 

9.862827 

.862709 
.862590 
.862471 
.862353 
.8622ai 
.862115 
.861996 
.861877 
.861758 

9.861638 
.861519 
.861400 
.861280 
.861161 
.861041 
.860922 
.860802 
.86CG82 
.860502 

9.860442 
.860322 
.860202 
.860082 
.859962  I 
.859&42  1 
.859721  I 
.85(K)01  i 
.859480  i 
.859300  j 

9.85r239 
.859119 
.858998  ' 
.858877 
.858756 
.8586:35 
.858514 
.858393 
.858272 
.858151 

9.858029 
.857908 
.85778<5 
.a'>7665 
.857543 
.85742-2 
.857300 
.857178 
.857056 

9.8569:34 

Sine. 


D.  r 


1.95 
1.97 
1.97 


.97 
.97 
.98 


1.97 


1.97 
1.98 
1.97 
1.98 

1.97 
1.98 


.98 
.97 

.98 


1.98 
1.98 
1.98 
2.00 

1.98 
1.98 
2.00 
1.98 
2.00 
1.98 
2.00 
2.00 
2.00 
2.00 


2 
2 

2, 


00 
00 
00 


2.00 


2. 
2. 


00 
02 
2.00 
2.02 
2.00 
2.02 


2.00 
2.02 
2.02 
2.02 
2.02 
2.02 
2.02 
2.02 
2.02 
2.03 


2. 

2. 

2. 

2. 
o 


02 
03 
02 
03 

02 


2.  as 

2.03 
2.03 
2.03 

D.  1'. 


Tang.  !  D.  r 


9.969656 
.969909 
.970162 
.970416 
.970669 
.970922 
.971175 
.971429 
.971682 
.971985 
.972188 

9.972441 
.972695 
.972948 
.978201 
.973454 
.97^707 
.973960 
.974213 
.974466 
.974720 

9.974973 
.975226 
.975479 
.975732 
.975985 
.976238 
.976491 
.976744 
.976997 
.977250 

9.977503 
.977756 
.978009 
.978262 
.978515 
.978768 
.979021 
.979274 
.979527 
.979780 

9.980033 
.980286 
.980538 
.980791 
.981044 
.981297 
.981550 
.981803 
.982a')6 
.982309 

9.982562 

.982814 
.98:3067 
.983320 
.983573 
.983826 
.9K4079 
.9^:332 
.984584 
9.984837 


4. 
4 
4 

4, 
4. 
4 
4 
4 
4 
4 
4 


22 
22 
23 
2j 
22 
22 
23 
22 
22 
22 
22 


4. 
4. 
4. 
4. 
4. 


.23 
.22 
.22 
.22 

4!22 
4.22 
4.22 
4.23 
4.22 

4.22 
4.22 
4.22 
4.22 

4.22 


4, 
4. 

4, 
4, 
4. 


22 
22 
22 
22 
22 


4. 

4. 
4. 
4. 
4. 
4. 
4. 
4. 


.22 
.22 
.22 
.22 

!22 
.22 
.22 
4.22 
4.22 


4.22 
4.20 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 

4.20 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
<:.20 
4.22 


Cotang.  1  D.  r. 


Cotang. 


Tang. 


10.030344 

60 

.030091 

59 

.029838  1  58 

.021584 

57 

.029831 

56 

.029078 

55 

.028825 

64 

.028571 

63 

.028318 

52 

.0^065 

61 

.027812 

50 

10.0275.-9 

49 

027:i05 

48 

.027052 

47 

.026799 

46 

.026&46 

45 

.02()293  1  44 

.026040 

43 

.025787 

42 

.025534 

41 

.025280 

40 

10.025027 

39 

.024774 

88 

.024621 

37 

.024268 

86 

.024015 

35 

.0237(52 

84 

.023.509 

88 

.02^:256 

32 

.023003 

31 

.022750 

80 

10.022497 

29 

.022244 

28 

.021991 

27 

.021738 

26 

.021485 

25 

.021232 

24 

.020979 

28 

.020726 

22 

.020473 

21 

.020220 

20 

10.019967 

19 

.019714 

18 

.019462 

17 

.019209 

16 

.018966 

15 

.018708 

14 

.018450 

13 

.018197 

12 

.017944 

11 

017691 

10 

10.017488 

0 

.017186 

8 

.016083 

7 

.016680 

6 

.016427 

5 

.016174  ' 

4 

.01.0921 

8 

.Ol.'iOCH 

2 

.016116 

1 

lO.OLMfiS 

0 

^    183< 


4r 


440 


COSINES,  TANGENTS,  AND  COTANaENTS. 


185« 


0 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 
25 

26 
27 
28 
29 
30 

31 
32 

as 

34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
oO 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9 


9 


.841771 
.841902 
.843033 
.84216;i 
.842291 
.812424 
.84255") 
.84268) 
.84281.) 
.842946 
.8430ro 

.84320:; 

.843466 
.84353.) 
.843725 
.843855 
.843984 
.844114 
.844243 
.844372 

9.84450> 
.8446:^1 
.844760 
.844889 
.84-)018 
.8i'>l47 
.845276 
.845405 
.845533 
.845662 

9.845790 
.845919 
.840047 
.846175 
.&46304 
.846432 
.846560 
.846688 
.846816 
.846944 


9 


847071 
847199 
.847327 
.847454 
.847582 
.847709 
.847836 
.847964 
.848091 
.848218 

9.848345 

.848472 
.848599 
.848726 
.848852 
.848979 
.849106 
.8492:« 
.84ftSr>9 
9.849485 


D.  1'. 


2.18 
2.18 
2.17 
2.18 
2.17 
2.18 
2.17 
2.17 
2.18 
2.17 
2.17 

8.17 
2.17 
2.15 
2.17 
2.17 
2.15 
2.17 
2.15 
2.15 
2.17 

2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.13 
2.15 
2.13 


15 
13 


2.13 
2.15 
2.13 
2.13 
2.13 
2.13 
2.13 
2.12 


13 
13 


2.12 
2.13 
2.12 
2.12 
2.13 
2.12 
2.12 
2.12 

2.12 
2.12 
2.12 
2.10 
2  12 
2.12 
2.10 
2  12 
2.10 


Cosine. 


f    I 


D.  r. 


9.856984 

.850812 
.856690 
.856568 
.a56446 
.856323 
.a5620l 
.856078 
.a55956 
.855833 
.855711 

9.^5588 
.&)5465 
.855342 
.855219 
.855096 
.854973 
.854850 
.854727 
.854603 
.854480 

9.854356 
.854233 
.854109 
.853986 
.853802 
.853738 
.853614 
.858490 
.853366 
.863242 

9.a53118 
.852994 
.852869 
.«>2745 
.852620 
.852496 
.«52371 
.a52247 
.852122 
.861997 

9.a51872 
.851747 
.a51622 
.851497 
.851372 
.851246 
.851121 
.850996  I 
.850870 
.850745  j 

9.850619  I 
.85049:j  ! 
.a50368  i 
.a'>0242  i 

.a5on6  I 

.849990  ' 
.849864  , 
.8407.J8  I 
.849611 
9  a;-J4a5  ! 


2.03 
2.03 
2.03 
2.03 
2.05 
2.03 
2.05 
2.03 
2.05 
2.03 
2.05 

2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.07 
2.05 
2.07 

2.05 
2.07 
2.06 
2.07 
2.07 
2.07 
2.07 
2.07 
2.07 
2.07 

2.07 
2.06 
2.07 
2.08 
2.07 
2.08 
2.07 
2.06 
2.06 
2.06 

2.08 
2.08 
2.08 
2.06 
2.10 
2  08 
2  08 
2.10 
2.08 
2.10 

2.10 
2.08 
2.10 
2.10 
2.10 
2  10 
2.10 
2.12 
2.10 


Tang. 


9.964887 

.985343 
.965596 
.966848 
.966101 
986^ 
.966607 
.986860 
.9671/2 
.967365 

9.987618 
.987871 
.968123 
.968876 
.988629 
.988882 
.989134 
.989387 
.989640 
.969893 

9.990145 
.990898 
.990651 
.9900013 
.991156 
.991409 
.991002 
.991914 
.992167 
.992420 

9.992672 
.9{i2'J25 
.993n'8 
.993481 

.994189 
.994441 
.99^094 
.994947 

9.995190 
.995452 
.995705 
.995957 
.996210 
.996463 
.996715 
.99(5968 
.997221 
.997473 

9.997726 
.9979:9 
.9982:^1 
.998'ft4 
.09«787 
.OOHORO 
.999242 
.999495 
.9<K»747 
10  000000 


D.  r. 


Cosine.  |  D.  1'. 


Sine. 


D.  1'.  1 1  Cotang. 


4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.22 
4.22 
4.20 
4.22 
4.22 

4.22 
4.20 
4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.23 
4.20 

4.23 
4.22 
4.20 
4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 

4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 

4.22 
4.2rJ 
4.20 
4.22 


4 
4 
4 
4 
4 
4. 

4. 
4. 
4. 
4. 
4. 


22 
30 
22 
22 
20 
22 

22 

20 
22 
22 

20 


4.22 
4.22 
4.20 
4.22 


D.  r 


Cotang. 


10.015163 
.014910 
.014657 
.014404 
.014152 
.018899 
.013646 
.013393 
.013140 
.012886 
.012635 

10.012382 
.012120 
.011877 
.011624 
.011871 
.011118 
.010666 
.010613 
.010860 
.010107 

lo.oooa'X) 

.0(yjG02 
.009349 
.005)097 
.008844 
.(^591 
.008338 
.0081)86 
.00783) 
.007580 

10.007328 
.(.0707'5 
.(X)0fi22 
.0066b!) 
.0dlW17 
.C(KX)6-1 
.005811 

.005306 
.005053 

10.001801 
.004548 
.004295 
.004043 
.003790 
.003537 
.003285 
.00:W32 
.002779 
.002527 

10.002274 
.002021 
.001769 
.001516 
.001263 
.001011 
.000758 
.000505 
.0002.53 

10.000000 


60 
69 
58 
57 
66 
55 
64 
58 
62 
51 
50 

49 
48 
47 
46 
45 
44 
48 
42 
41 
40 

89 
38 
87 
36 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
16 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Tang. 


134'' 


^ 


TABLE  nVL-LOGARITHMIC  VEBSED  SIMS. 


TABLE  XXVI.-LOGARITHMIC  VERSED  SINES 


0» 

V 

// 

/ 

Vers. 

q- 

21 

Ex.  sec. 

// 

/ 

Vers. 

q-2l 

Ex.  sec. 

9.070  1 

9.070 

0 

0 

Inf.  neg.' 120 

120  Inf.  neg. 
120  2.6264:^ 

3600 

0 

6.182714 

109  175 

6.182780 

60 

1 

2.626422  {  120 

3660 

1 

.197071 

108  177 

.197139 

120 

2 

3.228482 

120 

120,3.228482 

3720 

2 

.211194 

108  179 

.211264 

180 

3 

.580666 

120 

120  .580665 

3780 

8 

.225091 

108;  181 

.225164 

240 

4 

3.830542 

120 

120  3.830642 

3840 

4 

.238770 

107  182 

.288845 

800 

5 

4.024362 

120 

120  4.024363 

3900 

5 

.252286 

107  184 

.262314 

860 

6 

.182725 

120; 

120 

.182726 

3960 

6 

.266497 

106  1 186 

.265577 

420 

7 

.316618  1  120 

120 

.316619 

4020 

7 

.27a'S68 

106 

188 

.278641 

480 

8 

.432602  120 

121 

.432603 

4080 

8 

.291426 

106 

191 

.291611 

540 

9 

.534907 

119 

121 

.534908 

4140 

9 

.304106 

105 

193 

.304198 

GOO 

10 

.626422 

119 

121 

.626424 

4200 

10 

.316603 

105  196 
104  197 

.816698 

660 

11 

4.709207 

119 

122 

4.709209 

4260 

11 

6.328923 

6.329016 

720 

12 

.784784 

119 

122 

.784787 

4320 

12 

.341071 

104  199 

.341167 

780 

18 

.854308 

119 

122 

.854312 

4380 

13 

.353052 

103  201 

.853160 

840 

14 

.918678 

119 

123 

.918681 

4440 

14 

.364869 

103  i ;  204 

.364970 

900 

15 

4.978604 

119 

123 

4.978608 

4500 

15 

.376528 

103 ;'  206 

.376631 

960 

16 

5.034661 

119 

124  5.034666 

4560 

16 

.388082 

102'  208 

.368138 

1020 

17 

.087319 

119 

124 

.087325 

4620 

17 

.399386 

102  211 

.899404 

1080 

18 

.136966 

119 

125 

.136972 

4680 

18 

.410593 

101  213 

.410706 

1140 

19 

.183928 

119 

125 

.183935 

4740 

19 

.421657 

101  1  215 

.421778 

1200 

20 

.228481 

119 

126 

.228488 

4800 

20 

.432583 

100 

218 

.432700 

1260 

21 

5.270859 

118 

126 

5.270868 

4860 

21 

6.443372 

100 

220 

6.443493 

1320 

22 

.311266 

118 

127 

.311276 

4920 

22 

.454029 

099!  228 

.454158 

1380 

23 

.349876 

118 

128 

.349886 

4980 

23 

.464557 

099,  225 

.4o4om 

1440 

24 

.38684:^ 

118 

129 

.386854 

5040 

24 

.474959 

008 

,228 

.473069 

1500 

25 

.422300 

118 

129 

.422312 

5100 

25 

.485238 

098 

230 

.485371 

1560 

26 

.456367 

118 

130 

.456379 

5160 

26 

.495396 

097 

1233 

.495632 

1620 

27 

.489148 

118 

131 

.489161 

6220 

27 

.505438 

097 

'236 

.506677 

1680 

28 

.520736 

117 

132 

.520750 

5280 

28 

.615364 

096 

238 

.616606 

1740 

29 

.551216  ;  117 

133 

.651231 

5340 

29 

.525178 

096 

241 

.686824 

1800 

30 

.580662 

117 

134 

.580679 

5400 

30 

.634882 

096 

244 

.686061 

1860 

81 

5.609143 

117 

134 

5.609160 

5460 

81 

6.644480 

004 

947 

6.644632 

1920 

32 

.636719 

117 

135 

.636738 

5520 

32 

.5539^ 

094 

249 

.664128 

1980 

83 

.663447 

116 

136 

.663467 

6580 

33 

.563362 

093 

252 

.668521 

2040 

84 

.689377 

116 

137 

.689398 

5640 

34 

.572661 

(03 

256 

.572618 

210.) 

35 

.714555 

116 

138 

.714577 

5700 

85 

.581842 

092 

258 

.689006 

2160 

86 

.739023 

116 

140 

.739047 

1  5760 

36 

.590936  1092 

261 

.601106 

2220 

87 

.762821 

116 

141 

.762847 

5^20 

37 

.599937 

091,  .264 

.600110 

2280 

88 

.785985 

115 

142 

.786012 

5880 

38 

.608845 

090 'i  267 

.600021 

2340 

39 

.808547 

115 

143 

.80a575 

5940 

89 

.617663 

0901  270 

.617843 

2400 

40 

.830537 

115 

144 

.830567 

6000 

40 

.626802 

U69 

278 

.696675 

2460 

41 

5.851965 

116 

1«  '6.852016  ' 

6060 

1  41 

6.635034 

069 

276 

6.6SB2S1 

2520 

42 

.872915 

114 

147 

.8?2948  1 

,  6120 

42 

.643591  ;  088,  279 

1  .643782 

2580 

48 

.893:^ 

114 

148 

.89a^87 

,  6180 

43 

.6521&4  1087'  282 

.662259 

2640 

44 

.913322 

114 

149 

.913a57 

1  6240 

44 

.660456 

087  285 

.660666 

2700 

45 

.932841 

114 

151 

.932878 

6300 

45 

.668767 

086  289 

.668070 

2760 

46 

.951031 

113 

152 

.951070 

6360 

46 

.677000 

085,  292 

.ffr7)!M 

2820  47 

.970611 

113 

^54 

.970652 

64:X) 

47 

.685155  10851  295 

.686865 

2880  48 

5.988898  ,1131 

1  155  5.988040  , 

6480 

48 

.693234  084'  298 

.603448 

2940  49 

6.006807  '112 

'  157  '6.0WJ851  ! 

6540 

49 

.701239  ,  083  302 

.701457 

aooo 

50 

.024355  112 

158 

.024401  , 

1  6600 

50 

.709171 

063  305 

.700898 

9060 

51 

6.041555 

112 

160 'e. an  602 

6660 

61 

6.717090 

062 

906 

6.717SS7 

8120 

52 

.058421  111 

161  .0r)K470  . 

6?i» 

52 

.724820  081 

312 

.736060 

3180 

53 

.074966  111 

163  .075017 

6780 

63 

.732540  081 

315 

.788775 

3240 

54 

.091201  111  ■ 

IW  .0912.-V4 

6840 

54 

.740192 

060 

319 

.740481 

3300 

55 

.107138  1  110 

166  .107194 

6900 

66 

.747777 

079 

322 

.746090 

3360 

56 

.122789  110 

168 

.122810 

69<50 

66 

.7.%297 

079 

326 

.766644 

3420 

57 

.138162 

110 

1  169 

.138222 

7020 

57 

.762752 

W8 

329 

.768004 

3480 

68 

.153268 

109 

171 

.v^mo 

7080 

58 

.770144 

077 

388 

.rmoo 

8540 

69 

.168116  1 109 

173 

.168180 

7140 

59 

.777478 

076 

337 

.777788 

8600 

• 

60 

6.182714  109 

'  175  6.182780 

1 

7200 

i  " 

60 

'  1 

6.784741  076 

1 

340 

6.7S0005 

d.(U 


i 
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TABLE  XiVi-LCK3tAltttfllttd  Vfilt^ED  SINES 


1 


4° 

/ 

Vfers. 

D.  1'. 

Ex.  B6C. 

D.  r. 

0 

7.886668 

60.1^ 

'r.mrm 

60.^ 

1 

390278 

69.03 

.^^1347 

60.07 

s 

."393874 

59.67 

.394951 

59.^ 

3 

.397454 

59.4^ 

.398640 

69.57 

4 

.401090 

69.18 

.402114 

59.33 

5 

.404571 

68.93 

.405674 

59.10 

6 

.408107 

68.70 

.409220 

^.86 

T 

.411629 

58.47 

.412761 

58.62 

8 

.415137 

68.23 

.416268 

58.88 

9 

.418631 

58.00 

.419771 

58.16 

10 

.422111 

57.77 

.423260 

67.92 

11 

7.425677 

57.?3 

7.426735 

57.70 

12 

.429029 

57.30 

.430197 

67.46 

13 

.432467 

57.08 

.43:3644 

57.26 

14 

.435892 

56. &5 

.437079 

67.00 

15 

.439306 

56.63 

.440499 

66.80 

16 

.442701 

56.42 

.44^07 

96.67 

17 

.4460^6 

.56.20 

.447301 

96.36 

Id 

.4491&8 

*  55.97 

.460682 

S6.13 

19 

.4o2816 

55.77 

.464050 

55.92 

^ 

.456162 

55.65 

.457405 

55.72 

21 

7.4594d5 

55.33 

7.480748 

56.18 

Ssi 

.462816 

55.12 

.464077 

55.28 

i^ 

.466122 

54.92 

.46^94 

55.08 

^ 

.469417 

54.70 

.470699 

54.87 

^ 

.472699 

54.50 

.473991 

54.66 

36 

.475969 

54.28 

.477270 

54.47 

27 

.479226 

54.10 ; 

.480638 

54.25 

28 

.482172 

53.88 

.483^ 

54.06; 

29 

.486705 

53.70 

.48^)36 

53.^ 

^ 

.488927 

53.48  ; 

.490267 

53. 6^ 

M 

9.492136 

53.28 

7.193487 

9^.^ 

32 

.496333 

53. to 

.496694 

53.27 

as 

.498619 

58.90 

.vnnSiM  I 

6^.07 

34 

.601693 

52.72 

.603074 

$2.88 

36 

.604866 

52.62 

.60BS247 

$2.68 

36 

.6061007 

58.33 

.609908 

62.90 

37 

.611147 

52. is 

.61^58! 

62.32 

36 

.614275 

51.95 

.516697 

62.13 

39 

.617392 

51.77 

.M8824 

61.93 

40 

.620198 

51.68 

.521940 

61.77 

41 

». 523593 

51.40 

^.mm 

61.67 

42 

.526677 

51.22 

.628140 

61.38 

43 

5^50 

51.03 

.631223 

61.22 

44 

.532812 

50.85 

.634296 

61.02 

45 

.535863 

50.68 

.6.37357 

60.86 

46 

.638904 

50.60 

.640408 

60.68 

47 

.641934 

50.32 

.643449 

60.60 

48 

.644963 

50.15 

.546479 

60.33 

49 

.647962 

49.98 

.549499 

60.15 

50 

.650961 

49.80 

.552608 

49.98 

51 

^.553949 

49.63 

7.55660Y  ' 

49.80 

152 

.556927 

49.43 

.568495 

49.66  1 

53 

.559895 

49.28 

..'>61474 

49.47 

54 

.662852 

49.13 

.564442 

49.32 

5^ 

.665800 

48.95 

.607401 

49.13 

56 

.5()8737 

48.80 

.570349 

48.98  : 

55' 

.671665 

48.63 

.5^3288 

48.82  ; 

58 

.674583 

48.47 

.676217 

48.05 

59 

.677491 

48.30 

.579136 

48.48 

60 

7.680389 

48.15 

7.582046 

48.33 

0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
|2 

13 

14 

5 

16 

•V 

I 

18 
19 
20 

21 
22 
23 
24 


27 
88 


31 
32 

3$ 
36 
37 

3d 

39 
40 

41 
42 
43 
44 
45 
46 
4t 
48 
49 
50 

5t 
.52 
.53 
54 
56 
56 
67 
68 
5d 
«0 


Verg. 


D.  r. 


'J'.88038i9 
.583278 
.8B6l5t 
.589026 
.691886 
.5947*^ 
.697578 
.000410 
.603233 
.606047 
.608861 

7.611647 
.614433 
.617^11 
.619980 
.622739 
.625491 
.628233 
.630967 
.633692 
.636«09 

^.639117 
.641816 
.644808 
.647191 
.649865 
.652582 
.6551190 
.657^10 
.6604^ 
.1563117 

Yv66674d 
.668961 
.67«m 
.e7»74 
.676168 
.678?;^ 
.6811334 
.683006 
.686470 
.689026 

^.69167^ 
.694116 
.690660 
.699177 
.7011696 
.%&(» 
.706712 
,709210 
,5*11700 
.71418a 

^.710669 
.719128 
.T21590 
.724045 
.726493 
.728934 
.r3i:^ 
.7*^796 
.7'3621« 

7.V386» 


48.16 
47.98 
47.82 
47.67 
47.52 
47.36 
47.20 
47.05 
46.90 
47.73 
46.60 

^.43 
46.30 
46.16 
i5.96 
46.87 

45.'ro 
45.^ 
46.42 
46.28 
15.13 

44.98 
44.87 
44.72 
44.57 
44.4$ 
44.30 
44.17 
44.06 
43.90 
48.77 

43. 6S 
.43.56 
43.3$ 
48.23 
43.12 
43.98 
42.87 
42.73 
42.60 
42.48 

42.35 

42. x8 

42.12 

41.98 

41.87 

41.74 

41.68 

41.50 

41. 

41. 

41.18 

41.03 
40.92 
40.80 
«).68 
40.57 
40.47 
^.33 
40.23 
10.13 


Ex.  Bdc. 


7.6S204d 
.584946 
.68P7835 
.590716 
.693587 
.596449 
.699301 
.602144 
.604979 
.607804 
.el061& 

7.613426 
.616224 
.619013 
.621791 
.6245^ 
.627328 
.6300^ 
.63282^ 
.(£$5664 
.638203 

7.641018 
.643?^ 
.646438 
.649129 
.661809 
.054«8 
.667158 
.659820 
.662474 
.O^l^l 

7.6p7^ 

.tmm 

.673012 
.679826 
.07B233 
.680633 
.683424 
.686008 
.6886A 
.091154 

7.693715 
.690269 
.698815 
.TO1355 
.•rt>:«87 
.706411 
.708929 
.711439 
.713942 
.710438 

7.tt89^ 
.72l^«» 
.723884 
.726332 
.728813 
.WiaB7 
.'?38714 
.796155 
.788688 

Y.74l0rt 


D.  1-. 

^.33 

48.17 
48.00 
47.87 
47.70 
47.63 
47.38 
47.25 
47.08 
46.92 
^.78 

46.63 
^.48 
48.35 
46.18 
46.06 
45.90 
45.75 
45.62 
45.48 
45.33 

45.18 
45.07 
44.90 
44.78 
44.65 
44.50 
44.37 
44.23 
44.12 
43.97 

43.83 
43.78 
43.57 
48.45 
43.83 
43.18 
48.07 
42,05 
42.82 
4S.68 

42.57 
42.43 
42.33 
42.20 
42.07 
41.97 
41.83 
41.^2 
41.60 
41.48 

41.87 
41.25 
41.13 
41.02 
40.90 
40.78 
40.68 
40.67 
40.45 
40.SS 


«i]a 


AND  BXTEBNAL  SEOAKtS. 


$• 

f 

t 
0 

Vers. 

B.r. 

JCjX.  SOC. 

D.  r. 

0 

Vere. 

D.  1". 

Ex.  sec. 

D.  1". 

7.738630 

40.13 

7.741016 

40.33 

7.872881 

34.38 

7.875630 

34.63 

1 

.741038 

40.00 

.743436 

40.23 

'  1 

.874444 

34.30 

.877708 

34.57 

2 

.748438 

39.90 

.746850 

40.13 

,  2 

.876508 

34.22 

.879782 

34.46 

8 

.745832 

89.78 

.748268 

40.00 

3 

.878556 

»4.13 

.881851 

34.40 

4 

.748219 

89.68 

.750658 

39.90 

4 

.880608 

u.ort 

.883915 

34.82 

5 

.750600 

39.57 

.758052 

39.80 

5 

.882647 

33.98 

.885074 

34.25 

6 

.752974 

39.47 

.755440 

89.68  1 

6 

.884686 

33.90 

.888029 

34.15 

7 

.755848 

39.35 

.757821 

89.58 

7 

.886720 

33.82 

.890078 

34.06 

8 

.757703 

39.25 

.780196 

89.48 

8 

.888749 

33.73 

.892123 

81.02 

9 

.760058 

39.13 

.762565 

89.37 

9 

.890778 

3;i.67 

.894164 

38.92 

10 

.762406 

89.06 

.764927 

39.25 

10 

.89279tt 

83.68 

.896199 

33.66 

11 

7.764749 

88.92 

7.767382 

39.17 

11 

T.olMfjWJ 

83.50 

7.898S30 

38.77 

18 

.767084 

38.83 

.7696.J2 

39.05 

1  12 

.896818 

83.43 

.900256 

33.76 

18 

.769414 

38.72 

.771975 

88.05 

13 

.898824 

33.85 

.902278 

88.62 

14 

.771787 

38.62 

.774312 

88.85 

14 

.900825 

3;^. 27 

.904295 

38.58 

15 

.774054 

88.52 

.776648 

88.75 

15 

.902821 

33.20 

.906307 

38.47 

18 

.776865 

38.42 

.778968 

38.63 

16 

.904813 

83.12 

.906815 

38.40 

17 

.778670 

88.30 

.781286 

88.55 

17 

.906800 

83.05 

.910619 

88.88 

18 

.780068 

88.22 

.788599 

88.43 

18 

.908788 

82.9/ 

.'912817 

83.25 

19 

.7S3261 

88.10 

.785905 

38.35  1 

19 

.910761 

32.90 

.914312 

&$.17 

90 

.786647 

88.02 

.788206 

38.23 

20 

.912785 

32.82 

.916802 

38.06 

21 

7.787«8 

37.90 

7.790600 

88.15 

21 

7.9147W 

82.73 

7.918287 

83.60 

22 

.790102 

87.82 

.798789 

38.03 

22 

.916668 

32.68 

.920266 

32.96 

28 

.792371 

37.70 

.795071 

87.95 

23 

.918629 

82.58 

.922245 

32.87 

24 

.794683 

87.62 

.797348 

37.85 

24 

.920584 

32.53 

.924217 

32.78 

26 

.796890 

87.52 

.799619 

37.75 

25 

.922586 

32.45 

.926184 

32.78 

26 

.799141 

87.40 

.801884 

87.85 

26 

.924483 

32.37 

.928148 

32.65 

27 

.801385 

37.83 

.804143 

37.57 

27 

.926425 

32.32 

.930107 

32.58 

28 

.808625 

37.22 

.806897 

37.45 

28 

.928364 

32.22 

.932062 

32.50 

29 

.805858 

37.13 

.808644 

37.37 

29 

.930297 

82.17 

.984012 

32.48 

80 

.808086 

87.08 

.810886 

37.28 

30 

.982227 

32.06 

.985958 

32.87 

81 

7.810308 

36.93 

7.813128 

87.17 

31 

7.984152 

32.02 

7.987900 

82.80 

82 

.812524 

36.8:i 

.815358 

87.08 

82 

.936078 

81.95 

.989836 

32.28 

88 

.814734 

36.75 

.817578 

37.00 

33 

.937990 

81.88 

.941772 

32.15 

84 

.816939 

86.67 

.819798 

36.90 

84 

.939903 

31.80 

.943701 

32.06 

85 

.819139 

36.55 

.822012 

36.80 

85 

.941811 

31.73 

.945626 

82.02 

86 

.821332 

36.48 

.824220 

36.72 

36 

.948715 

31.67 

.947547 

31.95 

87 

.823531 

36.87 

.826423 

36.62 

37 

.945615 

31.60 

.949464 

81.87 

88 

.825703 

38.28 

.828620 

36.53 

38 

.947511 

31.52 

.951376 

31.88 

30 

.827880 

80.20 

.880812 

36.45 

39 

.949402 

31.47 

.953285 

31.78 

40 

.830052 

36.10 

.832999 

36.86 

40 

.951290 

31.38 

.955189 

31.68 

41 

7.832218 

86.02 

7.835180 

36.27 

41 

7.953173 

81.32 

7.95TO90 

31.60 

42 

.834379 

35.  JW 
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36.17 

42 

.955052 

81.27 

.958986 

31.58 

43 

.836535 

a5.83 

.83a528 

86.08  1 

43 

.956928 

81.18 

.960878  '  31.48 

44 

.838686 

35.75 

.841691 

36.00 

44 

.958799 

81.12 

.962767  31.40 

45 

.840830 

a5.65 

.843851 

35.90 

45 

.960666 

81.03 

.964651 

31.35 

46 

.842969  '  35.58 

.846005 

85.83 

46 

.962529 

80.98 

.960531 

31.28 

47 

.845104 

a5.48 

.848156 

35.73 

47 

.964388 

30.98 

.968408 

31.20 

48 

.847233 

03.40 
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a5.68 

48 

.966243 

30.85 

.970280  31.13  1 

49 

.849857 

35.80 

.862437 

a5.57 

49 

.968004 

30.78 

.972148 

31.08 

50 

.851475 

d5.28 

.864571 

85.48 

50 

.969941 

30.73 

.974013 

31.02 

61 

7.853589 

85.18 

7.856700 

85.38 

51 

7.971785 

30.65 

7  975874 

80.93 

62 

.855697 

35.05 

.868823 

35.32 

52 

.973624 

80.58 

.977730 

80.88 

58 

.857800 

34.97 

.860942 

35.22 

5;3 

.975459 

30.5:3 
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30.82 

54 

.859898 

34.88 

.863055 

35.13 

54 

.977291 

30.45 

.981432 

30.75 

55 

.861991 

34.80 

.865163 

35.05 

55 

.979118 

30.40 

.983277  30.70 

56 

.864079 

34.72 
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34.98 

56 

.980942 

.30.33 

.9*5119  30.62 

57 
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34.63 

.860365 

34.88 

1  57 

.9827(52 

30.27 

.986956 

30.57 

58 

.868240 

34.55 

.871458 

34.80 

58 

.984578 

30.22 

.98875)0 

30.50 

50 

.870813 

34.47 

.87.T>46 

34.73  ' 

50 
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30.48 

60 
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;34.63  ! 

,  60 
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7.968199 

30.08 

7.992446 

30.38  1 

8.090317 

26.72 

8.095697 

27.06 

1 

.990004 

30.02 

.994269 

30.32 

1 

.091920 

26.68 

.097320 

27.08 

2 

.991805 

29.95 

.996088 

30.25 

2 

.098521 

26.63 

.096941 

26.97 

3 

*■    .998602 

29.88 

.997903 

30.18 

3 

.096119 

26.68 

.100559 

26.92 

4 

.995395 

29.83 

7.999714 

30.13 

4 

.096714 

26.62 

.102174 

26.87 

5 

.997185 

29.77 

8.001522 

30.07 

6 

.098306 

26.48 

.103786 

26.82 

6 

7.998971 

29.?^ 

.003326 

30.00 

6 

.099694 

26.43 

.106395 

26.77 

7 

8.000754 

29.63 

.005126 

29.95 

7 

.101480 

26.40 

.107001 

26.78 

8 

.002532 

29.60 

.006923 

29.88 

8 

.103064 

26.83 

.106605 

26  67 

9 

.004308 

29.52 

.008716 

29.83 

9 

.104644 

26.28 

.110206 

26.68 

10 

.006079 

29.47 

.010506 

29.73 

10 

.106221 

26.25 

.111803 

26.58 

11 

8.007847 

29.40 

8.012292 

29.70 

11 

8.107796 

26.18 

8.113896 

96.58 

12 

.009611 

29.85 

.014074 

29.65 

12 

.109367 

26.15 

.114990 

26.48 

13 

.011372 

29.28 

.015853 

29.58 

13 

.110936 

26.10 

.116679 

26.46 

14 

.013129 

29.22 

.017628 

29.53  1 

14 

.112502 

26.05 

.118166 

1  26. S8 

15 

.014882 

29.17 

.019400 

29.47  I 

15 

.114066 

26.00 

.119749 

,  26.35 

16 

.016632 

29.10 

.021168 

29.42 
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.115625 

26.95 

.121830 

26.30 

17 

.018378 

29.05 

.0^2933 

29.35 
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.117182 

25.92 

.122908 

26.25 

18 

.020121 

29.00 

.024694 

29.30 

18 

.118787 

25.87 

.124488 

26.22 

19 

.021861 

28.93 

.028452 

29.23 

19 

.120289 

25.82 

.126056 

26.17 

20 

.023597 

28.87 

.028206 

29.18 

20 

.121838 

26.77 

.127626 

26.12 

21 

8.025329 

28.82 

8.029957 

29.13 

21 

8.123384 

25.72 

8.129198 
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22 

.027058 

28.75 

.031705 

29.07 

22 

.124927 

25.68 

.180757 

26.02 

28 

.028783 

28.70 

.033449 

29.00  , 

23 

.126468 

25.65 
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26.98 

24 

.030505 

28.65 

.035189 

28.97 

24 
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25.58 

.183877 

25.98' 

25 

.032224 

28.58 

.036927 

28.90 

25 

.129541 

25.55 

.185438 

25.90  1 

26 

.033939 

28.63 

.038661 

28.83 

26 

.181074 

25.50 

.186987 

25.86, 

27 

.035651 

28.47 

.040391 

28.78  1 

27 

.132604 

25.45 

.188538 

25.80 

28 

.037*59 

28.42 

.042118 

28.73 

28 

.134131 

25.40 

.140066 

26.75 

29 

.039064 

28.37 

.043842 

28.68 

29 

.135655 

25.37 

.141631 

25.72 

80 

.040766 

28.30 

.04556» 

28.62 

80 

.137177 

25.32 

.148174 

25.67 

81 

8.042464 

28.25 

8.047280 

28.57 

31 

8.138696 

25.27 

8.144714 

25.68 

32 

.044159 

28.20 

.048994 

28.50 

32 

.140212 

25.23 

.146252 

25.58 

33 

.045851 

28.13 

.050704 

28.47 

33 

.141726 

25.18 

.147787 

25.53 

34 

.047539 

28.08 

.052412 

28.40 

34 

.143237 

25.13 

.149319 

25.50 

35 

.049224 

28.03 

.054116 

28.36 

1  35 

.144745 

25.10 

.150849 

25.45 

36 

.050906 

27.98 

.055817 

28.28 

'  36 

.146251 

25.05 

.152876 

26.40 

87 

.052585 

27.92 

.057514 

28.25 

37 

.147V54 

25.02 

.153900 

25.87 

38 

.054260 

27.87 

.059209 

28.18 

38 

.149255 

24.95 

.155422 

25.33 

39 

.055932 

27.82 

.060900 

28.13 

39 

.150752 

24.93 

.156942 

25.27 

40 

.057601 

27.75 

.062588 

28.08 

40 

.152248 

24.68 

.158458 

26.25 

41 

8.059266 

27.72 

8.064278 

28.08 

41 

8.153741 

24.88 

a.l69978 

25.18 

42 

.060929 

27.65 

.065955 

27.97 

42 

.155231 

24.78 

.161484 

25.17  ; 

43 

.062588 

27.60 

.067633 

27.93 

43 

.156718 

24.75 

.1629i»4 

25.10  ! 

44 

.064244 

27.55 

.06i)309 

27.87  1 

44 

.158203 

24.72 

.164500 

25.07  ; 

45 

.065897 

27.48 

.070981 

27.82  1 

1  45 

.159686 

24.07 

.166004 

25.03'. 

46 

.067546 

27.45 

.072650 

27.77 

46 

.161166 

24.62 

.167506 

24.98 

47 

.069193 

27. ;« 

.074316 

27.72 

47 

.162643 

24.58 

.169005 

24.95  • 

48 

.Or0836 

27.33 

.075979 

27.67 

48 

.1W118 

24.53 

.170^02 

24.10  . 

49 

.072476 

27.30 

.077639 

27.60 

49 

.16.5590 

24.50 

.171996 

,  W.87  ■ 

SO 

.074114 

27.28 

.079295 

27.57 

60 

.167060 

24.45 

.17MW 

24.b2| 

51 

8.07  748 

27.18 

8.080949 

27.52 

61 

8.16a527 

24.42 

8.174977 

24. W  . 

52 

.077379 

27.13 

.0H2(K)0 

27.45  ' 

62 

.169992 

24.37 

.176464 

24.73  1 

53 

.079007 

27.07 

.084247 

27.42  1 

'  53 

.171454 

24.33 

.177948 

24.70  ; 

54 

.060631 

27.08 

.085892 

27.37 

54 

.172914 

24.30 

.179430 

21.65  1 

55 

.a^2258 

26.96 

.087534 

27.30 

55 

.17437^2 

24.25 

.180909 

21. C2 

56 

.08:38^ 

26.93 

.089172 

27.27 

56 

.175827 

24.20 

.182386 

24.56 

57 

.0KS488 

26.87 

.090808 

27.20 

57 

.177279 

24.17 

.18W61 

24.63 

58 

.087100 

26.83 

.092440 

27.17  1 

58 

.178729 

24.13 

.185383 

24.50 

59 

.Of^sriO 

26.78 

.094070 

27.12  1 

1  59 

.180177 

24.06 

.186808 

24.47 

00 

8.0'.X).J17 

26.72 

8.095697 

27.05  ! 

.  60 

8.181622 

24.05 

8.188271 

24.42 
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8.181628 

JM.05 

8.188271 

W.42 

1 

.183065 

24.00 

.189736 

24.37 

2 

.1&4605 

23.97 

.191198 

24.35 

3 

.185943 

23.93 

.192659 

24.30  i 

4 

.187379 

23.88 

.194117 

24.25  ! 

5 

.188812 

23.85 

.195572 

24.22 

6 

.190243 

23.80 

.197025 

24.18  ; 

7 

.191671 

23.77 

.198476 

^.15  j 

8 

.193097 

23.73 

.199925 

24.10  i 

9 

.194521 

23.68 

.201371 

24.07 

10 

.195042 

23.66 

.202816 

24.03 

11 

8.197861 

23.62 

8.204257 

23.98 

12 

.198778 

23.57 

.205696 

23.95 

13 

.200192 

23.53 

.207133 

23.92 

14 

.201604 

23.60 

.206568 

23.88 

15 

.203014 

23.45 

.210001 

23.83 

16 

.204421 

23.42 

.211431 

23.80 

17 

.205826 
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.212859 

2  J.  77 

18 

.207229 
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.214285 

23.72 

19 

.208630 
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.215708 
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20 

.210028 

23.27 

.217130 

23.65 

21 

8.211424 

23.23 

8.218549 

23.62 

22 

.212818 

23.18 
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23 

.214209 

23.17 

.221380 
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24 

.215599 

23.12 

.222793 
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25 

.216986 

23.08 

.224203 
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26 
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23.03 

.225611 
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27 
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28 
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29 

.222512 
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30 
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8.225261 
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32 
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33 
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34 
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23.15 

35 
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36 

.232097 
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23.08 

37 

.233458 

22.65 

.240957 

23.03 

38 

.234817 
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.242339 

23.00 

39 

.236173 

22.57 

.243719 

22.97 

40 

.237527 

22.55 

.245097 

22.93 

41 

8.238880 

22.60 

8.246473 

22.90 
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.240230 

22.47 

.247847 
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43 

.241678 

22.43 

.249219 
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44 

.242924 

22.38 
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45 
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46 

.245609 
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47 

.246948 
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22.68 

48 
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22.25 
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22.67 

49 

.249621 
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22.62 

50 
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5i 

8.252286 

22.16 

8.260120 

22.55 

52 

.253615 

22.12 

.261473 

22.53 

53 

.254942 

22.10 

.262825 

22.48 

54 
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22.05 
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22.47 

55 

.257591 

22  02 

.265522 

22.42 

56 

.258912 
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.266867 

22.40 

57 
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58 
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59 
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8.264176 
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3 
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4 
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.277560  , 

22.13 

5 
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21.68 
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21.65 

.280213 

22.07 
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9 
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.284179 

21.98 
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21.48 
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14 
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17 

.286196 
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18 
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19 

.288749 
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.290024 
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21 

8.291296 

21.17 

8.299873 
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22 

.292566 

21.15 
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23 

.293835 
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25 

.296366 
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26 
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27 
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28 
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29 
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.310188 
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30 
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81 
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82 
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33 
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34 

.307666 

20.77 

.316576 

21.22 

85 

.808912 

20.75 
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38 
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20. 1» 
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56 
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67 
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58 

.337092 
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59 
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20.47 
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1 
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20.43 

1 
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18.03 

e 
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37 

.718704 

12.85 

.742045 

13.55 

37 

.763^^ 

12.17 

.780696 

12  93 

88 

.719475 

12.82 

.742858 

13.53 

38 

.764459 

12.17 

.790472 

12.92 

89 

.720244 

12.82 

.743670 

13.53 

39 

.765189 

12.15 

.791247 

12.90 

40 

.721013 

12.82 

.744482 

13.52 

40 

.765918 

12.15 

.792021 

12.90 

41 

8.721782 

12.78 

JS.  745293 

13.50 

41 

8.786647 

12.12 

8.792796 

12.88 

42 

.722549 

12.78 

.746103 

13.50  ; 

42 

.767374 

12.18 

.793568 

12.87 

48 

.723316 

12.78 

.746913 

13.48 

43 

.768102 

12.10 

.794340 

12.87 

44 

.724068 

12.75 

.747722 

13.47 

44 

.768828 

12.10 

.795112 

12.87 

45 

.724848 

12.75 

.748530 

13.47 

45 

.769554 

12.10 

.795884 

12.83 

46 

.725613 

12.73 

.749388 

13.45 

46 

.770880 

12.08 

.796&54 

12.85 

47 

.726377 

12.72 

.750145 

13.43 

47 

.771006 

12.07 

.797425 

12.82 

48 

.727140 

12.72 

.750951 

13. 45^ 

48 

.771729 

12.05 

.798194 

12.82 

49 

.727903 

12.70 

.751757 

13.42 

49 

.772452 

12.05 

.798963 

12.82 

50 

.728666 

12.70 

.752562 

13.42 

50 

.773175 

12.05 

.799732 

12.80 

51 

8.729427 

12.67 

8.753367 

13.40 

61 

8.773898 

12.02 

8.800500 

12.78 

52 

•.730187 

12.67 

.754171 

13.38  ; 

52 

.774619 

12.02 

.801267 

12.78 

53 

.780947 

12.67 

.754974 

13.37 

1  53 

.775340 

12.02 

.8020:34 

12.77 

54 

.781707 

12.63 

.7557r6 

13.37 

54 

.r;'6061 

12.00 

.802800 

12.75 

55 

.732466 

12.63 

.756578 

13.37 

55 

.776781 

11.  {)8 

.803565 

12.75 

56 

.788238 

12.68 

.757380 

13.  as 

56 

.7;7500 

11.97 

.804330 

12.75 

57 

.788981 

12.60 

.7581H0 

13. .33 

57 

.778218 

11.97 

.m.'ms 

12.73 

58 

.784787 

12.60 

.758{)H0 

13.3:^ 

58 

.778936 

11.97 

.805859 

12.72 

1  59 

.785493 

12.58 

.759780 

13.30  i 

59 

.779654 

11  93 

.806622 

12.72 

>  60 

1 

8.786248  . 

12.58 

8.7(J0578 

13.30 

60  i 

8.780370 

11.95 

8.807385 

12.70 

^a 


TABLE  XXVl.r-liOGAIirrHMIO  VERSED   SINES 


4 

»0° 

> 

V«rs. 

D.  r. 

Ex.  see. 

D.r. 

0 

8.7808TO 

11.95 

8.807385 

12.70 

1 

.781087 

11.92 

.808147 

12.68 

3 

.'ffil802 

11.92 

.oUoiWo 

12.68 

8 

.782517 

11.90 

.809669 

12.68 

4 

.■;«3231 

11.90 

.810480 

12.67 

5 

.783945 

11.88 

.B1119C 

12.65 

6 

.78^98 

11.88 

.811949 

12.65 

7 

.785371 

11.87 

.812708 

12.63 

6 

.786088 

11.85 

.813<tt6 

12.63 

9 

.786794 

11.85 

.8142^ 

12.62 

10 

.787505 

11.83 

.814981 

12.60 

11 

8.788215 

11.82^ 

8.815737 

12.60 

12 

.788924 

11.82 

.81649& 

12.60 

13 

.789633 

11.82 

.8172^ 

12.58 

14 

.790342 

11.78 

.819004 

12.57 

15 

.791049 

11.78 

.818758 

12.57 

16 

.791756 

11.78 

.819512 

12.55 

17 

.792^^ 

11.77 

.890865 

12.55 

18 

.793169 

11.75 

.821018 

12.53 

W 

.793874 

11.75 

.821770 

12.52 

30 

.794579 

11.78 

.822521 

12.53 

21 

8.795283 

11.73 

8.823272 

12.52 

22 

.796987 

11.72 

.824023 

12.50 

23 

.790690 

11.70 

.824773 

12.48 

24 

.797392 

11.70 

.825522 

12.48 

25 

.798094 

11.68 

.826271 

12.47 

26 

.7987^ 

11.68 

.827019 

12.47 

27 

.799496 

11.67 

.827767 

12.45 

28 

.800196 

11.67 

.828514 

12.45 

29 

.800896 

11.63 

.«2;i261 

12.43 

30 

.801594 

11.65 

.890007 

12.42 

31 

8.802293 

11.63 

8.830752 

12.42 

32 

.802991 

11.62 

.831497 

12.42 

83 

.803688 

11.60 

.832242 

12.40 

34 

.8W384 

11.60 

.832986 

12.38 

S5 

.805080 

11.60 

.833729 

12.88 

36 

.8a5776 

11.58 

.834472 

12.88 

37 

.806471 

11.57 

.835215 

12.37 

38 

.8071<5 

11.. 57 

.mimi 

12.35 

39 

.807859 

11.55 

.836698 

12.85 

40 

.808552 

11.58 

.837439 

12.88 

41 

8.809244 

11.53 

B.8S81W 

12.83 

42 

.809998 

11.53 

.838919 

12.82 

43 

.810628 

11. .52 

.839658 

12.80 

44 

.811319 

11. .50 

.840396 

12.82 

45 

.812009 

11.50 

.841135 

12.28 

46 

.812099 

11.48 

.841872 

12.28 

47 

.8ia388 

11.48 

.842609 

12.28 

48 

.814077 

11.47 

.84aS46 

12.27 

49 

.8147a5 

11.45 

.844082 

12.25 

50 

.815452 

11.45 

.844817 

12.25 

51 

8.816139 

11.43 

8.S455.52 

12.25 

52 

.816825 

11.43 

.846287 

12.23 

53 

.817511 

11.42 

.847021 

12.22 

54 

.818196 

11.42 

.8477.54 

12.22 

55 

.818881 

11.40 

.848487 

12.22 

56 

.819565 

11.40 

.849220 

12.20 

57 

.820249 

11.38 

.849952 

12.18  ; 

58 

.820932 

11.37 

.8.50683 

12.18  . 

59 

.821614 

11.37 

.R51414 

12.17 

60 

8.822296 

11.35 

8.852144 

12.17 

»!• 


0 

1 

2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
28 
24 
25 
26 
27 
28 
29 
80 

31 
82 
83 
84 
85 
86 
87 
38 
39 
40 

41 
42 

43 

44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Vers. 


8.822296 
.823977 
.623666 
.624836 
.626016 
.8^097 
.82687^ 
.82?064 

.mm. 

.828408 
.829085 

8.889761 
.880^6 
.681111 
.83ira5 
.632459 
.838132 
.833904 
.834476 
.835148 
.835819 

8.686489 
.837159 
.837829 
.888498 
.839166 
.839834 
.840501 
.841168 
.841834 
.842500 

8.843165 

.643629 
.^4498 
.8451ffr 
.845820 
.846483 
.847145 
.847896 
.«484«7 
.849127 

8.849787 
.850447 
.851106 
.851764 
.652122 
.853079 
.858736 
.854392 
.855048 
.855708 

6.856358 
.857012 
.857666 
.858319 
.858972 
.859624 
.860276 
.860927 
.861.578 

8.862228 


D.  1'. 


35  8,852144 


.85 
.33 
.83 
.82 
.82 
.80 
.28 
.28 
.28 
.27 

.25 

.25 
.23 
.23 
.22 
.20 
.30 
.20 
.18 
.1? 

.17 
.17 
.15 
.13 
.18 
.12 
.12 
.10 
.10 
.06 

.07 

.07 
.05 
.05 
.08 
.02 
.03 
.<» 
.00 

.96 
.97 
0.97 
0.95 
0.95 
0.98 

0.92 
0.92 

0.90 
0.90 
0.88 
0.88 
0.87 
0.87 
0.65 
0.65 
0.68 
0 


Ex.  Bee.  D.  1'. 


.862674 
.868604 
.854833 
.856061 
.8657W 
.856516 
.8EP7243 
.857969 

.oOc9J9o 

.8694S0 

8.800116 
.860609 
.861593 
.862316 
.868089 
.868761 
.861463 
.865204 
.685925 

•  dUVUtU 

8.66T8to 
.ooWloo 
.8wS504 
.869S22 
.879240 
.870957 
.871674 
.872390 
.878106 
.6^8623 

8.874S37 
.875251 
.875965 
.8?667« 
.877891 
.676104 

.e?%i« 

.879528 
.880239 
.880M9 

8.6B16S9 
.862369 
.889078 
.688787 
.664495 

.865910 

.686617 

.867S33 
oAonoo 


8 


888984 

.869489 

.890144 

.891551 


.8K957 


.894861 


83  8. 


I 


12.17 
12.17 
12.13 
12.15 
12.13 
12.12 
12.12 
12.10 
12.10 
12.08 
12.08 

12.W 
12.07 
12.06 
12.95 
12.03 
12.08 
12.02 
12.02 
12.92 
11.96 

12.00 
11.98 
11.97 

ii.ir 

11.95 
11.95 
11.93 
11.93 
11.9S 
11. IB 

11.90 

11.90 

11  .«i! 

11,8b1 

11 .« 

11.87 

11.87 

11.85 

11.83 

11.83 

11.85 

11.82! 

11.62. 

11.80 

11.80 

11. 7P 

11.78 

11.77 

11.T7 

11.55, 

11.^' 
11.73 
11.78 
11 .« 
11.72  I 
11.72 
11.70 
11. W 
11.86 
11. €8 


^i4 


AND  EXTERNAL  SEgAin^S* 


V«rs. 

8.868828 
.869877 
.863527 
.864175 
.864823 
.885471 
.866118 
. 88676 » 
.867411 
.868057 
.86870d 

8.869346 
.869991 
.8706*4 
.871877 
.871980 
.878568 
.873804 
.873845 
.874488 
.875180 

8.87W68 
.876405 
.877044 
.87SB88 

.878380 
.878^7 
.879594 
.880830 
.880868 
.881501 

8.688136 
.888771 
.883405 
.881038 
.884871 
.885-^03 
.886935 
.886567 
.887198 
.887889 

8.888450 

.889717 
.8903% 
.890974 
.891608 
.8.)8289 
.898856 
.898488 
.894106 

8.89)733 
.895358 
895963 
.896(i07 
.8991830 
.897853 
.896470 
Roanoft 

.809729 
8.90084a 


D,  1'. 


0.88 
0.83 
0.80 
0.80 
0.80 
0.78 
O.^B 
0.77 
0.77 
0.75 
0.73 

0.75 
0.73 
0.72 
0.78 
0.70 
0.70 
0.68 
0.68 
0.67 
0.67 

0.65 
0.65 
0.63 
0.63 
0.62 
0.68 
0.80 
0.80 
0.58 
0.58 

0.58 
0.57 
0.55 
0.55 
0.53 
0.53 
0.53 
0.52 
0.52 
0.50 

0.48 
0.48 
0.48 
0.47 
0.47 
0.45 
0.45 
0.43 

0.48 

0.42 
0.42 
0,40 
0.38 
0.38 
0sS8 
0.37 
0.35 
0.87 
10.33 


Ex.  sec. 

D.  r. 

8.895062 

11.68 

.895783 

11.67 

.896463 

11.67 

.897163 

11.65 

.897862 

11.65 

.806361 

li.63 

.890859 

11.63 

.899957 

11.63 

.900655 

11.62 

.901358 

11.60 

.908048 

11.62 

8.902745 

11.58 

.908440 

11.60 

.904136 

11.57 

.904880 

11.58 

.905585 

11.57 

.906819 

11.. 55 

.806912 

11.55 

.90r605 

11.53 

.906808 

11.53 

.908990 

ll.r)2 

8.900981 

11.52 

.910372 

11.52 

.011063 

11.53 

.911764 

11.48 

.913443 

11.50 

.913133 

11.48 

.913828 

11.47 

.914510 

11.47 

.915198 

11.47 

.915886 

11.45 

8.916573 

11.45 

.917^360 

11.43 

.917946 

11.43 

.918632 

11.43 

V 919818 

11.43 

.980003 

11.40 

.980887 

11.42 

.981378 

11.38 

.988055 

11.40 

.92fK'39 

11.37 

8.923481 

11.38 

.984104 

11.37 

.984786 

11.35 

.985467 

11.37 

.986149 

11.33 

.986889 

11.35 

.987510 

11.38 

.928189 

11.33 

.988889 

11.32 

.929548 

11.30 

8.930838 

11.32 

.930905 

11.28 

.981582 

11.30 

.932260 

11.27 

.982936 

M.28 

.9a3613 

11.27 

.934889 

11.27 

.934965 

11.25 

.935640 

11.35 

8.986315 

11.83 

/ 

Vers. 

D.r. 

D.  1'. 

I 

8.90J341 

10.38 

8.896316 

11.23 

1 

.900961 

10.35 

.936989 

11.23 

3 

.901582 

10.38 

.937663 

11.22 

3 

.902201 

10.33 

.938336 

11.22 

4 

.908881 

10.38 

.939009 

11.22 

5 

.9034«) 

10.30 

.939688 

11.20 

6 

.904058 

10.30 

.940354 

11.20 

7 

.901676 

10.28 

.941086 

11.20 

8 

.905893 

10.28 

.941698 

11.18 

9 

.903910 

10.28 

.948369 

11.17 

10 

.906587 

10.27 

.943039 

11.18 

11 

8.907143 

10.27 

8.943710 

11.15 

18 

.907759 

10.25 

.944379 

11.17 

13 

.906374 

10.25 

.945049 

11.15 

14 

.908989 

10.33 

.945718 

11.13 

IS 

.909603 

10.23 

.94638R 

11.13 

16 

.910817 

10.28 

.947054 

11.13 

17 

.910830 

10.28 

.947788 

11,13 

18 

.911443 

10,28 

.946889 

11.12 

19 

.919066 

10.80 

.949066 

11.18 

^ 

.919968 

10.18 

.949738 

11.10 

21 

8.918879 

10.80 

8.950389 

11.10 

28 

.913891 

10.17 

.951055 

11.08 

83 

,914801 

10.17 

.9517TW 

11.08 

84 

,915111 

10.17 

.9533S5 

11.07 

85 

.9157^21 

10.17 

.9.53049 

11.07 

m 

.916331 

10.15 

.953713 

11.07 

27 

.918940 

16,13 

.954377 

11.05 

S8 

.917548 

10.13 

.a>dO«) 

11.05 

39 

,918156 

10.13 

.955703 

11.05 

39 

.916ir64 

10.18 

.956366 

11.03 

31 

8.919371 

10.10 

8.957038 

11.03 

38 

.919977 

10.18 

.957690 

11.02 

33 

.980564 

10.10 

.956351 

11.02 

34 

.981190 

10.08 

.959018 

11.00 

m 

.981795 

10.08 

.959678 

11.00 

96 

.983100 

10.07 

.960338 

11.00 

87 

,983004 

10.07 

."960998 

10.98 

38 

.933808 

10.07 

.9616.^ 

10.98 

39 

.924212 

10.05 

.9683110 

10.98 

«) 

,924815 

10.  (» 

.968989 

10.97 

41 

8.985418 

10.03 

8.96S687 

10.97 

^ 

.988080 

10.03 

.964385 

10.ft5 

43 

.986682 

10.08 

.964948 

10.95 

44 

.987^4 

10.08 

.965599 

10.95 

45 

.987885 

10.09 

.966256 

10.93 

46 

.988485 

10.00 

.966918 

10. 913 

47 

.989085 

10.00 

.S65S68 

10,92 

48 

.929625 

9.98 

.968323 

10.92 

49 

.930224 

9.98 

.968878 

10.92 

50 

.930623 

9,97 

.9695^ 

io.do 

51 

8.0.01421 

9.97 

8.970187  ■ 

10.90 

58 

.932019 

9.97 

.970841 

10.88 

53 

.932617 

9.95 

.971494 

10.88 

.5-1 

.933214 

9.U5 

.978147 

10,88 

55 

.933811 

9.93 

.9^2800 

10.87 

56 

.934407 

9.93^ 

.973452 

10.«7 

57 

.985003 

9.92 

.974104 

10  .'87 

58 

.935598 

9.92 

.974756 

10.85 

59 

.936193 

9.98 

.975407  1 

J0.!85 

60 

8.986788 

9.90 

8.97G058  1 

10.«3 

TABLE  XX^^— LOGARITHMIC  VERSED  SINES 


24° 

t 

25» 

0 

Vers. 

D.  1". 

jcjX.  sec. 

D.  r. 

/ 
0 

Vers. 

D.  r. 

Ex.  sec. 

1 

D.  r. 

8.936788 

9.90 

8.976058 

10.83 

8.971703 

9.50 

9.014428  1 

10.4'; 

1 

.937388 

9.90 

.976708 

10.83 

1 

.972273 

9.48 

.015056  ! 

10.4^ 

2 

.9»7976 

9.88 

.977358 

10.83 

2 

.972842 

9.48 

.015685 

I0.4i 

3 

.938569 

9.88 

.978008 

10.82 

8 

.973411 

9.48 

.016312 

10.4' 

4 

.939162 

9.87 

.978657 

10.82 

4 

.978980 

9.47 

.016940 

10.4: 

5 

.939754 

9.87 

.979306 

10.80 

5 

.974548 

9.47 

.017567 

10.4. 

6 

.940346 

9.87 

.979964 

10.80 

6 

.975116 

9.45 

.018194 

10.4 

7 

.940988 

9.86 

.980602 

10.80 

7 

.975688 

9.45 

.018821 

10.4 

8 

.941529 

9.86 

.981250 

10.80 

8 

.976250 

9.43 

.019447 

10.4 

9 

.942120 

9.83 

.981898 

10.78 

9 

.976816 

9.43 

.020073 

10.4 

10 

.942710 

9.83 

.982545 

10.77 

10 

.977382 

9.43 

.020696 

10.4 

11 

8.943300 

9.82 

8.988191 

10.77 

11 

8.977948 

9.43 

9.021323 

10.4 

12 

.943889 

9.83 

.983837 

10.77 

12 

.978614 

9.42 

.021948 

10.4 

13 

.944479 

9.80 

.984483 

10.77 

18 

.979079 

9.40 

.022572 

10.4 

14 

.946067 

9.80 

.985129 

10.75  ' 

14 

.979643 

9.40 

.023197 

10.3 

15 

.945655 

9.80 

.985774 

10.75 

15 

.980207 

9.40 

.023820 

10.4 

16 

.946243 

9.80 

.986419 

10.73 

16 

.980771 

9.40 

.024444 

lO.S 

17 

.946831 

9.78 

.987063 

10.73 

17 

.981335 

9.38 

.025067 

10.» 

18 

.947418 

9.77 

.987707 

10.  rj 

18 

.981898 

9.37 

.025690 

lO.* 

19 

.948004 

9.77 

.988351 

10.72 

19 

.982460 

9.38 

.026312 

lO.S* 

20 

.948590 

9.77 

.988994 

10.72 

20 

.988023 

9.87 

.026934 

lo.jr 

21 

8.949176 

9.75 

8.989637 

10.70 

21 

8.963585 

9.35 

9.027556 

10.$ 

22 

.949761 

9.75 

.990279 

10.72 

22 

.984146 

9.35 

.028177 

10.8E 

23 

.950346 

9.75 

.990922 

10.68 

23 

.984707 

9.36 

.026796 

10.85 

24 

.950931 

9.73 

.991563 

10.70 

24 

.985268 

9.33 

.029419 

lo.a 

25 

.951515 

9.73 

.992205 

10.68 

25 

.985828 

9.33 

.030039 

lO.S 

26 

.952099 

9.72 

.992846 

10.68 

26 

.986388 

9.33 

.031)659 

lo.a 

27 

.952682 

9.72 

.993487 

10.67 

27 

.986948 

9.82 

.0312'i'y 

lO.S 

28 

.^53265 

9.70 

.994127 

10.67  1 

28 

.987507 

9.82 

.031899 

10  Si 

29 

.ft53847 

9.70 

.994767 

10.65 

29 

.988066 

9.82 

.082618 

10.» 

30 

.954429 

9.70 

.995406 

10.67 

30 

.988625 

9.30 

.088186 

10.« 

31 

8.955011 

9.68 

8.996046 

10.65 

31 

8.969183 

9.28 

9.088765 

10.« 

32 

.955592 

9.68 

.996685 

10.63  I 

32 

.989740 

9.80 

.084873 

10.» 

33 

.956173 

9.67 

.997323 

10.63 

83 

.990298 

9.28 

.084991 

10.« 

34 

.956758 

9.68 

.997961 

10.63 

34 

.990855 

9.27 

.085608 

lO.tf 

35 

.957334' 

'  9.65 

.998599 

10.62 

35 

.991411 

9.28 

.086225 

10.» 

36 

.957918 

9.&5 

.999236 

10.62 

36 

.991968 

9.25 

.036842 

lO.K 

37 

.958492 

9.65 

8.999873 

10.62 

37 

.992523 

9.27 

.087458 

10.2T 

38 

.959071 

9.65 

9.000510 

10.60 

38 

.993079 

9.25 

.068074 

10.21 

39 

.959650 

9.68 

.001146 

10.62 

39 

.993634 

9.25 

.088690 

laa 

40 

.960228 

9. 02 

.001783 

10.58 

40 

.994189 

9.23 

.088305 

10.2 

41 

8.960805 

9.62 

9.002418 

10.58 

41 

8.994743 

9.23 

9.089920 

10.2 

42 

.961382 

9.62 

.003053 

10.58 

42 

.996297 

9.23 

.040686 

10.S 

43 

.961959 

9.60 

.003688 

10.58 

43 

.996851 

9.22 

.041150 

I0.2f 

44 

.962535 

9.60 

.004328 

10.57 

44 

.996404 

9.22 

.041764 

10.2 

45 

.963111 

9.60 

.004957 

10.57 

45 

.996957 

9.20 

.042378 

10.8 

46 

.963687 

9.58 

.005591 

10.55 

46 

.997509 

9.22 

.042991 

10.4 

47 

.9&1262 

9.58 

.006224 

10.57 

47 

.996062 

9.18 

.048604 

10.« 

48 

.964837 

9.57 

.006858 

10.53 

48 

.996613 

9.20 

.044217 

10.8 

49 

.965411 

9.57 

.007490 

10.55 

49 

.999165 

9.18 

.044880 

10.1 

50 

.965985 

9.57 

.008123 

10.53 

50 

8.999n6 

9.17 

.045442 

10.ft 

51 

8.966559 

9.56 

9.008755 

10.53 

51 

9.000266 

9.18 

9.046064  ' 

lO.lJ 

52 

.967i:i2 

9.55 

•009387 

10.52 

52 

.000817 

9.17 

.046665 

10. » 

53 

.9677a5 

9.53 

.010018 

10.52  : 

53 

.001367 

0  15 

.047276 

10.18 

54 

.968277 

9.53 

.010^49 

10.52 

54 

.001916 

9.17 

.047887 

10.  l^ 

55 

.968849 

9.53 

.011280 

10.50 

55 

.002466 

9.13 

.048498 

lo.i: 

56 

.969421 

9.. 52 

.011910 

10.50  1 

56 

.003014 

9.15 

.049108 

10.  i: 

57 

.969992 

9.52 

.012540 

10.50 

57 

.008663 

9.13 

.04$m8 

10.17 

58 

.970563 

9.50 

.013170 

10.48  i 

58 

.004111 

9.13 

,ma» 

10.15 

59 

.971ia3 

9.50 

.013799 

10.48  , 

59 

.004659 

9.12 

.090087 

10.13 

60 

8.971703 

9.50 

9.014428 

10.47  1 

:  GO  1 

9.0U5206 

9.12 

9.051646  1 

10.12 

410 


AND  EXTERNAL  SECANTS. 


26'* 

• 

27«> 

/ 
0 

Vers. 

D.  r. 

Ex.  sec. 

D.  r. 

0 

Vers. 

D.r. 

Ex.  sec. 

D.  1'. 

9.005206 

9.12 

9.051546 

10.15 

^.037401 

8.77 

9.067520 

9.&3 

1 

.005753 

9.12 

.052155 

10.13 

1 

.037927 

8.75 

.068110 

9.83 

2 

.006300 

9.10 

.052763 

10.13 

2 

.038452 

8.77 

.068700 

9.83 

3 

.006846 

9.10 

.053871 

10.13 

3 

.038978 

8.75 

.069290 

9.83 

4 

.007393 

9.10 

.053979 

10.12 

4 

.039503 

8.73 

.089860 

9.82 

5 

.007988 

9.08 

.054586 

10.12 

5 

.040027 

8.75 

.090469 

9.82 

6 

.008488 

9.08 

.055193 

10.12 

6 

.040552 

8.73 

.091058 

9.82 

7 

.009028 

9.07 

.055800 

10.10 

7 

.041076 

8.72 

.091647 

9.80 

8 

.009572 

9.07 

.056406 

10.10 

8 

.041599 

8.73 

.092285 

9.80 

9 

.010116 

9.07 

.057012 

10.10 

9 

.042123 

8.72 

.092823 

9.80 

10 

.010660 

9.05 

.057618 

10.10 

10 

.042646 

8.70 

.093411 

9.78 

11 

9.011203 

9.05 

9.058224 

10.08 

11 

9.043168 

8.72 

9.093998 

9.80 

12 

.011746 

9.05 

.058829 

10.08 

12 

.043691 

8.70 

.094686 

9.78 

13 

.012289 

9.03 

.059434 

20.07 

13 

.044213 

8.70 

.095173 

9.77 

14 

.012881 

9.03 

.060038 

10.08 

14 

.044735 

8.68 

.095759 

9.78 

15 

.013378 

9.03 

.060643 

10.07 

15 

.045256 

8.68 

.096346 

9.77 

16 

.013915 

9.02 

.061247 

10.05 

16 

.045777 

8.66 

.096932 

9.77 

17 

.014466 

9.02 

.061850 

10.07 

17 

.046298 

8.67 

.097518 

9.75 

18 

.014997 

9.02 

.062454 

10.05 

18 

.046818 

8.67 

.098103 

9.77* 

19 

.015538 

9.00 

.063057 

10.03 

19 

.047338 

8.67 

.096689 

9.75 

20 

.016078 

9.00 

.063659 

10.05 

20 

.047856 

8.65 

.099274 

9.73 

21 

9.016618 

8.98 

9.064262 

10.03 

21 

9.048377 

8.65 

9.099858 

9.75 

22 

.017157 

9.00 

.064864 

10.03 

22 

.048896 

8.65 

.100443 

9.73 

23 

.917697 

8.97 

.065466 

10.02 

23 

.049415 

8.63 

.101027 

9.73 

24 

.018235 

o.wo 

.066067 

10.02 

24 

.049933 

8.68 

.101611 

9.72 

25 

.018774 

8.97 

.066668 

10.02 

25 

.050451 

8.63 

.102194 

9.73 

28 

.019313 

8.97 

.067269 

10.02 

26 

.050969 

8.63 

.102778 

9.72 

27 

.019850 

8.95 

.067870 

10.00 

27 

.051487 

8.62 

.103361 

9.70 

28 

.020387 

8.95 

.068470 

10.00 

28 

.052004 

8.60 

.103943 

9.72 

29 

.020924 

8.95 

.069070 

10.00 

29 

.052520 

8.62 

.104526 

9.70 

80 

.021461 

8.93 

.069670 

9.98 

30 

.053087 

8.60 

.105108 

9.70 

81 

9.021997 

8.93 

9.070269 

9.98 

31 

9.053553 

8.60 

9.105690 

9.68 

32 

.022538 

8.93 

.070868 

9.98 

32 

.054069 

8.58 

.106271 

9.70 

33 

.023069 

8.92 

.071467 

9.97 

33 

.054584 

8.58 

.106853 

9.68 

34 

.023604 

8.92 

.072065 

9.97 

34 

.055099 

8.58 

.107434 

9.68 

35 

.024139 

8.90 

.072663 

9.97 

35 

.055614 

8.58 

^ .108015 

9.67 

36 

.024673 

8.92 

,073261 

9.97 

36 

.056129 

8.57 

.108595 

9.67 

37 

.025208 

8.90 

.073859 

9.95 

37 

.056643 

8.57 

.109175 

9.67 

88 

.025742 

8.88 

.074456 

9  95 

38 

.057157 

8.55 

.109755 

9.67 

39 

.026275 

8.88 

.075053 

9.93 

39 

.057670 

8.55 

.110335 

9.65 

40 

.026806 

8.88 

.075649 

9.95 

40 

.058183 

8.55 

.110914 

9.67 

41 

9.027341 

"8.88 

9.076246 

9.93 

41 

9.058696 

8.55 

9.111494 

9.63 

42 

.027874 

8.87 

.076842 

9.92 

42 

.059209 

8.53 

.112072 

9.65 

43 

.028406 

8.87 

.077437 

9.93 

43 

.059721 

8.53 

.112651 

9.63 

44 

.028938 

8.85 

.078033 

9.92 

44 

.060233 

8.53 

.113229 

9.63 

45 

.029469 

8.85 

.078628 

9.92 

45 

.060745 

8.52 

.113807 

9.63 

46 

.030000 

8.85 

.079223 

9.90 

46 

.061256 

8.52 

.114385 

9.63 

47 

.030531 

8.85 

.079817 

9.92 

47 

.061767 

8.50 

.114963 

9.62 

48 

.031062 

8.83 

.080412 

9.90 

48 

.062277 

8.52 

.115540 

9.62 

49 

.031592 

8.83 

.081006 

9.88 

49 

.062788 

8.50 

.116117 

9.60 

50 

.032122 

8.82 

.081599 

9.90 

,50 

.063298 

8.48 

.116693 

9.62 

51 

9.032651 

8.82 

9.082103 

9.88  ' 

51 

9.063807 

8.50 

9.117270 

9.60 

52 

.033180 

8.82 

.082786 

9.87 

52 

.064317 

8.48 

.117846 

9.60 

53 

.033709 

8.80 

.083378 

9.88 

53 

.064826 

8.48 

.118422 

9.58 

54 

.0a4237 

8.80 

.0a3971 

9.87 

54 

.065aS5 

8.47 

.118997 

9.60 

55 

.034765 

8.80 

.084563 

9.87 

55 

.065843 

8.47 

.119573 

9.58 

56 

.085293 

8.78 

.085155 

9.87  ' 

56 

.066351 

8.47 

.120148 

9.58 

57 

.035820 

8.78 

.085747 

9.85  . 

57 

.066859 

8.45 

.120723 

9.57 

58 

.036847 

8.78 

.086338 

9.85 

58 

.067366 

8.47 

.121297 

9.57 

59 

.036874 

8.78 

.086929 

9.85 

59 

.067874 

8.43 

.121871 

9.57 

GO 

9.037401 

8.77 

9.087520 

9.83 

60 

9.068380 

8.45 

9.122445 

9.57 

U7 


TABLE  ZXTL-LOGABITHMIO  VERSED  SINES 


88» 

89» 

Vers. 

D.  1'. 

Kx.  sec. 

D.  I*. 

/ 
0 

Vers. 

D.r. 

Ex.  sec 

D.  1-. 

9.068380 

8.45 

9.122445 

9.57 

9.096229 

8.15 

9.156410 

9.30 

1 

.068887 

8.43 

.123019 

9.57 

1 

.096718 

8.13 

.15696S 

9.% 

2 

.069893 

8.43 

.123593 

9.55 

2 

.099206 

8.12 

.157327 

9.28 

3 

.069899 

8.43 

.124166 

9.55 

8 

.099693 

8.18 

.158064 

9.30 

4 

.070405 

8.42 

.124789 

9.58 

4 

.100181 

8.12 

.158642 

9.3D 

5 

.070910 

8.42 

.126811 

9.55 

5 

.100668 

8.12 

.159200 

9.28 

6 

.071416 

8.40 

.125884 

9.58 

6 

.101156 

8.12 

.169757 

9.28 

7 

.071919 

8.42 

.126456 

9.58 

7 

.101642 

8.10 

.160314 

9.27 

8 

.072424 

8.40 

.127028 

9.52 

8 

.102128 

8.10 

.1608ro 

9.28 

9 

.072988 

8.40 

.127599 

9.58 

9 

.102614 

8.10 

.161427 

9.27 

10 

.078482 

8.38 

.128171 

9.52 

10 

.103100 

8.08 

.161968 

9.27 

11 

9.078985 

8.88 

9.128742 

9.62 

11 

9.103685 

8.06 

9.162539 

9.27 

12 

.074488 

8.38 

.129818 

9.60 

12 

.104070 

8.08 

.168095 

9.25 

13 

.074941 

8.37 

.129888 

9.50 

18 

.104566 

8.08 

.168650 

9.25 

14 

.075443 

8.38 

.180458 

9.50 

14 

.105040 

8.07 

.164206 

9.25 

15 

.075946 

8.85 

.181028 

9.60 

15 

.106524 

8.07 

.164760 

9.25 

lt> 

.076447 

8.87 

.131598 

9.60 

16 

.106006 

8.05 

.165815 

9.25 

17 

.076949 

8.85 

.132163 

9.48 

17 

.106491 

8.07 

.165870 

9.23 

18 

.077450 

8.35 

.132782 

9.48 

18 

.106976 

8.05 

.166424 

9.23 

19 

.077951 

8.35 

.133801 

9.48 

19 

.107458 

8.06 

.166978 

9.23 

20 

.078162 

8.33 

.133870 

9.47 

20 

.107941 

8.03 

.167582 

9.22 

21 

9.078952 

8.83 

9.134438 

9.47 

21 

9.106423 

8.05 

9.168065 

9.28 

22 

.079462 

8.83 

.135006 

9.47 

22 

.108906 

8.08 

.168639 

9.22' 

28 

.079952 

8.82 

.135574 

9.47 

23 

.109888 

8.02 

.169192 

9.2S 

:  24 

.080451 

8.82 

.186142 

9.45 

24 

.109669 

8.08 

.169745 

9.20 

25 

.080950 

8.82 

.186709 

9.47 

25 

.110351 

8.02 

.170297 

9.22 

26 

.061449 

8.82 

.187277 

9.45 

26 

.110832 

8.02 

.170650 

9.20 

27 

.061948 

8.80 

.137844 

9.43 

27 

.111313 

8.00 

.171402 

9.20 

128 

.082446 

8.80 

.138410 

9.45 

28 

.111793 

8.00 

.171954 

9.18 

,  29 

.082944 

8.28 

.188977 

9.43 

29 

.112278 

6.00 

.172505 

9.20, 

ao 

.088441 

8.80 

.139548 

9.43 

80 

.112758 

8.00 

.178067 

9.18) 

81 

9.088989 

8.28 

9.140109 

9.42 

81 

9.113233 

8.00 

9.173608 

9.18 

82 

.064486 

8.27 

.140674 

9.43 

32 

.118713 

7.98 

.174150 

9.18 

83 

.084982 

8.28 

.141240 

9.42 

88 

.114192 

7.98 

.174710 

9.17 

84 

.065429 

8.27 

.141805 

9.42 

84 

.114671 

7.97 

.175260 

9.17 

86 

.085925 

8.25 

.142370 

9.40 

36 

.115149 

7.97 

.175810 

9.17 

86 

.066420 

8.27 

.142984 

9.42 

36 

.115627 

7.W 

.176860 

9.17 

37 

.066916 

8.25 

.143199 

9.40 

87 

.116106 

7.97 

.176910 

9.17 

88 

.067411 

8.25 

.144063 

9.40 

88 

.116588 

7.97 

.177480 

9.15 

89 

.087906 

8.23 

.144627 

9.38 

39 

.11T061 

7.95 

.178009 

0.15 

40 

.088400 

8.25 

145190 

9.40 

40 

.117588 

7.95 

.178666 

9.15 

41 

9.088896 

8.23 

9.145754 

9.88 

41 

9.118015 

7.98 

9.179107 

9.1S 

42 

.069389 

8.22 

.146317 

9.38 

42 

.118491 

7.96 

.179656 

9.18 

48 

.089882 

8.23 

.146880 

9.37 

43 

.118968 

7.98 

.180204 

9.18 

44 

.090376 

8.22 

.147442 

9.88 

44 

.119444 

7.92 

.1807W 

9.18 

45 

.090869 

8.22 

.148005 

9.37 

45 

.119919 

7.90 

.181800 

9.18 

46 

.091362 

8.20 

.148567 

9.37 

46 

.120395 

7.92 

.181848 

9.12 

47 

.091854 

8.30 

.149129 

9.35 

47 

.130870 

7.92 

.182895  1 

9.18 

48 

.092346 

8.20 

.149690 

9.35 

1  48 

.121345 

7.92 

.182943 

9.12 

49 

.092838 

8.20 

.150251 

9.37 

49 

.121820 

7.90 

.168490 

9.10 

.,0 

.093330 

8.18 

.150613 

9.33 

50 

1 

.122294 

7.90 

.184096 

9.12 

i  51 

9.093821 

8.18 

9.1513ni 

9.35  1 

51 

9.122768 

7.90 

9.18^%3 

9.10 

1  ;■)•» 

.09431 '3 

8.18 

.151934 

9.33 

52 

.123242 

7.88 

.185129 

9.10 

L3 

0UI803 

8.17 

.152494 

9.35  ' 

5ii 

.123715 

7.90 

.185675  1 

9.10 

54 

.095i93 

8.17 

.153055 

9.32 

,  54 

.124189 

7.88 

.186221  1 

9.10 

55 

.095783 

8.17 

.153614 

9.33  ^ 

55 

.124662 

7.87 

.188767  1 

9.08 

56 

.0963r3 

8.17 

.154174 

9.32  * 

56 

.125134 

7.88 

.I8nn2  1 

9.10 

57 

.096763 

8.15 

.154783 

9.33  1 

57 

.125607 

7.87 

.187868 

9.0B 

58 

.097252 

8.15 

.155293 

9.30  1 

58 

.126079 

7.87 

.188408 

9.07 

59 

.097741 

8.18 

.155851 

9.32 

59 

.126651 

7.85 

.188M7 

9.08 

60 

9.098229 

8.15 

9.156410 

9.80 

60 

9.127082 

7.87 

9.l8INtt 

9.or 

41S 


AND  EXTERNAL  SECANTS. 


M» 

ai* 

• 

Vera. 

D.  r. 

Ex.s«o. 

D.  r. 

/ 
0 

Vere. 

D.r. 

Ez.fldo. 

D.  1'. 

7.87 

9.189498 

9.07 

9.154888 

7.58 

9.381762 

9.1S7082 

8.85 

1 

.127404 

7.86 

.190086 

9.07 

1 

.156883 

7.58 

.338898 

8.87 

8 

.127965 

7.85 

.190680 

9.07 

8 

.155788 

7.56 

.388HU5 

8.83 

8 

.128486 

7.88 

.191184 

9.07 

8 

.156193 

7.56 

.828355 

6.85 

4 

.128906 

7.88 

.191668 

9.05 

4 

.156648 

7.57 

.823886 

8.85 

5 

.120876 

7.88 

.192811 

9.05 

6 

.157108 

7.57 

.234417 

6.88 

6 

.129846 

7.88 

.198754 

9.05 

6 

.157566 

7.57 

.224947 

6.83 

7 

.130816 

7.88 

.198897 

9.05 

7 

.158010 

7.67 

.^5477 

6.88 

8 

.180786 

7.88 

.193840 

9.03 

8 

.166464 

7.65 

.286007 

6.83 

9 

.181255 

7.88 

.194388 

9.05 

9 

.158917 

7.55 

.286687 

6.83 

10 

.181724 

7.80 

.194985 

9.03 

10 

.169370 

7.66 

.327066 

6.88 

11 

9.182192 

7.80 

9.196467 

9.03 

11 

9.159688 

7.56 

9.227596 

8.83 

12 

.182660 

7.89 

.196009 

9.03 

18 

.160876 

7.53 

.228126 

8.80 

13 

.188129 

7.78 

.196650 

9.03 

18 

.160728 

7.53 

.228668 

8.88 

14 

.188596 

7.83 

.197093 

9.08 

14 

.161180 

7.53 

.389182 

8.88 

15 

.134064 

7.r8 

.197633 

9.03 

15 

.161638 

7.68 

.229711 

6.80 

16 

.134681 

7.78 

.198174 

9.03 

16 

.162088 

7.58 

.280889 

8.80 

17 

.184998 

7.78 

.198715 

9.00 

17 

.162535 

7.68 

.280767 

8.80 

18 

.185466 

7.77 

.199365 

9.00 

18 

.162966 

7.58 

.281296 

8.78 

19 

.185981 

7.77 

.199795 

9.00 

19 

.168487 

7.50 

.231888 

6.80 

20 

.186397 

7.77 

.200385 

9.00 

80 

.168867 

7.68 

.888360 

6.78 

21 

9.186868 

7,77 

9.8U0875 

9.00 

21 

9.164386 

7.50 

9.332877 

8.78 

22 

.187329 

7.75 

.201415 

8.98 

88 

.164786 

7.48 

.833404 

8.78 

23 

.187794 

7.77 

.201954 

9.00 

88 

.165287 

7.50 

.233981 

8.78 

fH 

.138260 

7.73 

.208494 

8.97 

84 

.165687 

7.48 

.23^458 

8.77 

25 

.188724 

7.75 

.808082 

8.98 

85 

.166136 

7.48 

.284964 

8.77 

26 

.189189 

7.73 

.808571 

8.98 

36 

.166585 

7.48 

.235510 

8.77 

27 

.189653 

7.73 

.204110 

8.97 

37 

.167084 

7.48 

.236036 

8.77 

28 

.140117 

7.73 

.901648 

8.97 

38 

.167483 

7.47 

.236668 

8.77 

29 

.140581 

7.T3 

.905186 

8.97 

39 

.167981 

7.47 

.887088 

8.75 

30 

.141045 

7.73 

.205734 

8.97 

80 

.168379 

7.47 

.887613 

8.77 

81 

9.141508 

7.72 

9.806868 

8.95 

31 

9.168887 

7.47 

9.888130 

8.75 

82 

.141971 

7.72 

.206799 

8.97 

39 

.169275 

7.45 

.888664 

8.75 

88 

.149184 

7.70 

.807887 

8.95 

38 

.169723 

7.46 

.239189 

6.73 

34 

.142896 

7.70 

.807874 

8.93 

34 

.170169 

7.45 

.339713 

8.75 

85 

.148358 

7.70 

.808410 

8.95 

35 

.170616 

7.43 

.840838 

8.78 

86 

.143820 

7.70 

.808947 

8.93 

36 

.171063 

7.46 

.840768 

8.7B 

87 

.144882 

7.68 

.809483 

8.95 

87 

.171509 

7.43 

.841386 

8.78 

88 

.144748 

7.68 

.810080 

8.93 

38 

.171956 

7.43 

.841810 

8.73 

39 

.145204 

7.68 

.810866 

8.92 

39 

.173400 

7.43 

.343383 

8.73 

40 

.145665 

7.68 

.811091 

8.93 

40 

.178846 

7.48 

.343857 

8.72 

41 

9.146126 

7.67 

9.811627 

8.93 

41 

9.173291 

7.42 

9.843380 

8.72 

42 

.146686 

7.67 

.818162 

8.93 

42 

.178736 

7.43 

.843908 

8.72 

43 

.147046 

7.67 

.812697 

8.92 

43 

.174181 

7.43 

.844426 

8.72 

44 

.147506 

7.67 

.213283 

8.93 

44 

.174636 

7.40 

.344949 

8.70 

45 

.147966 

7.65 

.813767 

8.90 

45 

.175070 

7.40 

.34M71 

8.72 

46 

.148425 

7.66 

.214301 

8.93 

46 

.175514 

7.40 

.845994 

8.70 

47 

.148884 

7.66 

.314836 

8.90 

47 

.175958 

7.40 

.346516 

8.70 

48 

.149343 

7.68 

.215370 

8.90 

48 

.176403 

7.88 

.IM7088 

8.6g 

49 

.149801 

7.63 

.215904 

8.88 

49 

.176845 

7.38 

.347559 

8.7C 

50 

.150359 

7.63 

.216437 

8.90 

50 

.177388 

7.38 

.348081 

8.66 

51 

9.150n7 

7.63 

9.216971 

8.88  i 

51 

9.177r<» 

7.38 

9.848608 

8.«i 

S2 

.151175 

7.63 

.217504 

8.88 

52 

.178174 

7.37 

.349183 

8.66 

53 

.151633 

7.62 

.218087 

8.88  ' 

53 

.178616 

7.37 

.349644 

8.68 

54 

.152090 

7.68 

.318570 

8.87  ' 

54 

.179058 

7.37 

.350166 

8.« 

55 

.158547 

7.60 

.219108 

8.88 

55 

.179500 

7.37 

.850686 

8.6^ 

66 

.158008 

7.63 

.319685 

8.87 

56 

.179943 

7.36 

.851806 

H.en 

W 

.158460 

7.60 

.220167 

8.87 

57 

.180883 

7.37 

.351726 

8.m 

56 

158916 

7.60 

.320699 

8.87 

58 

.180825 

7.33 

.353816 

B.ert 

59 

.154872 

7.60 

.231831 

8.85 

59 

.181365 

7.85 

.353766 

S.ffi 

60 

9.154828 

7.58 

9.221793 

8.85  1 

60 

9.181706 

7.86 

9.353386 

8.6e 

4itf 
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82« 

83« 

0 

Vers. 

D.r. 

Ex.  sec. 

D.r. 

0 

Vers. 

D.r. 

Ex.  sec. 

D.r. 

9.181706 

7.35 

9.253286 

8.65 

9.207714 

7.10 

9.284122 

8.48 

1 

.182147 

7.3;^ 

.253805 

8.65 

1 

.206140 

7.10 

.284631 

8.47 

2 

.182587 

7.33 

.254324 

8.65 

2 

.208566 

7.10 

.286139 

8.47 

8 

.188027 

7.32 

.264848 

8.65 

3 

.208992 

7.10 

.285647 

8.47 

4 

.183166 

7.33 

.265362 

8.65 

4 

.209418 

7.08 

.286165 

8.47 

5 

.183906 

7.32 

.265881 

8.63 

6 

.209843 

7.08 

.286663 

8.45 

6 

.184345 

7.32 

.266899 

8.65 

6 

.210268 

7.08 

.287170 

8.47 

7 

.184784 

7.32 

.256918 

8.63 

7 

.210693 

7.08 

.287678 

8.45 

8 

.185223 

7.32 

.267436 

8.63 

8 

.211118 

7.08 

.288185 

8.45 

9 

.l&'56«i2 

7.80 

.257954 

8.62 

9 

.211643 

7.07 

.288692 

8.46 

10 

.186100 

7.30 

.268471 

8.63 

10 

.211967 

7.07 

.289199 

848 

U 

9.186538 

7.30 

9.258989 

8.62 

11 

9.212391 

7.07 

9.289706 

6.46 

12 

.180978 

7.28 

.259606 

8.62 

12 

.212815 

7.07 

.290212 

8.43 

13 

.187413 

7.80 

.260023 

8.62 

13 

.213239 

7.06 

.290718 

8.48 

14 

.187851 

7.28 

.260640 

8.62 

14 

.213662 

7.06 

.291224 

8.43 

15 

.188288 

7.27 

.261067 

8.62 

15 

.214085 

7.05 

.291780 

8.48 

16 

.188724 

7.28 

.261674 

8.60 

16 

.214508 

7.05 

.292286 

8.48 

17 

.189161 

7.27 

.262090 

8.60 

17 

.214981 

7.05 

.292742 

8.42 

18 

.189597 

7.2S 

.262606 

8.60 

18 

.215854 

7.08 

.303247 

8.43 

19 

.190034 

7.25 

.263122 

8.60 

19 

.215776 

7.08 

.298753 

8.42 

20 

.190469 

7.27 

.263638 

8.60 

20 

.2161^ 

7.08 

.294258 

8.42 

21 

9.190905 

7.27 

9.264154 

8.58 

21 

9.216620 

7.03 

9.294768 

8.42 

22 

.191311 

7.25 

.264669 

8.58 

22 

.217042 

7.02 

.296268 

8.40 

23 

.191776 

7.25 

.265184 

8.60 

28 

.217463 

7.02 

.296772 

8.42 

24 

.192211 

7.28 

.266700 

8.57 

24 

.217884 

7.02 

.296277 

8.40 

25 

.192646 

7.25 

.266214 

8.58 

25 

.218806 

7.02 

.296781 

8.40 

26 

.193080 

7.23 

.266729 

8.58 

26 

.218786 

7.00 

.297286 

8.40 

27 

.193514 

7.23 

.267244 

8.57 

27 

.219146 

7.02 

.297789 

8.40 

28 

.198948 

7.23 

.267768 

8.57 

28 

.219567 

7.00 

.298293 

6.40 

29 

.194382 

7.22 

.268272 

8.57 

29 

.219987 

7.00 

.298797 

8.88 

30 

.194815 

7.23 

.268786 

8.67 

30 

.220407 

6.96 

.299800 

8.38 

31 

9.196249 

7.22 

9.269800 

8.57 

31 

9.220826 

7.00 

9.299603 

6.40 

82 

.195682 

7.22 

.269814 

8.55 

32 

.221246 

6.96 

.800807 

8.S7 

33 

.196115 

7.20 

.270327 

8.56 

33 

.221665 

6.96 

.800609 

8.88 

34 

.196647 

7.22 

.270840 

8.67 

34 

.222084 

6.98 

.801812 

6.38 

36 

.196980 

7.20 

.271864 

8.68 

36 

.222508 

6.97 

.801815 

8.87 

36 

.197412 

7.20 

.271866 

8.55 

36 

.222921 

6.96 

.802817 

8.88 

37 

.197844 

7.18 

.27^879 

8.55 

37 

.228840 

6.97 

.802620 

8.87 

38 

.198275 

7.20 

.272892 

8.58 

38 

.228768 

6.97 

.806S2S 

8.87 

39 

.198707 

7.18 

.273404 

8.63 

89 

.224176 

6.96 

.808824 

8.36 

40 

.199138 

7.18 

.273916 

8.63 

40 

.224598 

6.97 

.804825 

8.87 

41 

9.199569 

7.18 

9.274428 

8.53 

41 

9.225011 

6.96 

9.804827 

8.86 

42 

.200000 

7.17 

.274940 

8.68 

42 

.225428 

6.95 

.806828 

6.87 

43 

.200430 

7.18 

.275452 

8.52 

43 

.225845 

6.95 

.oOooBO 

6.86 

44 

.200861 

7.17 

.275968 

8.52 

44 

.226262 

6.93 

.806881 

8.86 

45 

.201291 

7.15 

.276474 

8.53  . 

45 

.226678 

6.95 

.806882 

8.85. 

46 

.201720 

7.17 

.276986 

8.50 

46 

.227095 

6.98 

.807388 

6.38' 

47 

.202150 

7.15 

.277496 

8.52  ' 

47 

.227511 

6.98 

.807888 

6.85 

48 

.202579 

7.15 

.278007 

8.52 

1  48 

.227927 

6.92 

.806884 

8.88 

49 

.203008 

1  7.15 

.278518 

8.50 

49 

.228312 

6.93 

.806884 

8.88 

60 

.203437 

7.15 

.279038 

8.50  1 

|50 

.228758 

6.92 

.809834 

8.SS 

61 

9.203866 

7.13 

9.279538 

8.50  , 

51 

9.229173 

6.92 

9.809684 

6.88 

62 

.201291 

7.15 

.280048 

8.50  ' 

.52 

.229688 

6.92 

.810884 

6.88 

63 

.204723 

7.13 

.280658 

8.50 

53 

.280008 

6.92 

.810884 

8.8S 

54 

.205151 

7.12 

.281068. 

8.48 

61 

.280118 

6.90 

.811888 

6.se 

55 

.205578 

7.13 

.281577 

8.50 

55 

.230883  6.90 

.811882 

6.82 

56 

.206006 

7.13 

.282087 

8.48 

56 

.231216  6.90 

.812881 

8.88 

57 

.2064a3 

i  7.12 

.282596 

8.48 

57 

.231660  6.90 

.812880 

8.88 

58 

.206860 

•    7.12 

.283105 

8.48 

,  58 

.232074  6.88 

.818889 

8.38 

59 

1  .2075:  "-7 

7.12 

.2a3614 

8.47 

59 

.232487  6.90 

.818886 

8.80 

60 

1  9.207714 

7.10 

9.2&1122 

8.48  1 

60 

9.232901   6.88 

9.814886 

8.88 

4*50 


AND  EXTERNAL  SECANTS. 


84* 

86» 

1 

/ 

Vers. 

D.  r. 

Ex.  sec. 

D.  r. 

/ 
0 

Vers. 

D.  r. 

Ex.  sec. 

D.  1'. 

0 

9.282901 

6.88 

9.314826 

8.32 

9.257314 

6.67 

9.843949 

8.15 

1 

.233314 

6.88 

.814826 

8.30 

1 

.257714 

6.68 

.344438 

8.15 

2 

.283727 

6.87 

.815323 

8.30 

2 

.258115 

6.67 

.344927 

8.15 

8 

.234139 

6.88 

.315821 

8.30 

8 

.258515 

6.67 

.345416 

8.13 

4 

.234552 

6.87 

.316819 

8.80 

4 

.258915 

6.65 

.345904 

8.15 

5 

.234964 

6.87 

.816817 

8.28 

5 

.259314 

6.67 

.846393 

8.18 

6 

.235376 

6.87 

.817814 

8.28 

6 

.259714 

6.66 

.346881 

8.13 

7 

.285788 

6.85 

.317811 

8.80 

7 

.260113 

6.66 

.847369 

8.13 

8 

.286199 

6.87 

.818809 

8.28 

8 

.260512 

6.65 

.847867 

8.18 

9 

.236611 

6.85 

.818806 

8.28 

9 

.260911 

6.65 

.848346 

8.13 

10 

.237022 

6.85 

.819308 

8.27 

10 

.261310 

6.66 

.348883 

8.13 

11 

9.237433 

6.85 

9.319799 

8.28 

11 

9.261709 

6.68 

9.349821 

8.12 

12 

.237844 

6.83 

.320296 

8.27 

12 

.262107 

6.68 

.349606 

8.12 

13 

.238254 

6.85 

.820792 

8.28 

18 

.262506 

6.68 

.360295 

8.12 

14 

.238665 

6.83 

.821289 

8.27 

14 

.262903 

6.68 

.350782 

8.12 

15 

.239075 

6.88 

.821785 

8.27 

15 

.263301 

6.62 

.351269 

8.12 

16 

.239485 

6.82 

.822281 

8.25 

16 

.263696 

6.68 

.351756 

8.12 

17 

.239894 

6.83 

.322776 

8.27 

17 

.264096 

6.62 

.352243 

8.12 

18 

.240804 

6.82 

.828272 

8.27 

18 

.264498 

6.62 

.352780 

8.10 

19 

.240713 

6.82 

.328763 

8.25 

19 

.264890 

6  62 
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9.744860 

7.08 

TABLE  ZXVL— LOaABTTHMKI  YJSR8ED  SINES 


52* 

w 

0 

Vers* 

D.r. 

Ex.  sec. 

D.r. 

0 

Vera. 

D.r. 

Kir.  sec. 
9.820628 

D.r. 

9.584714 

4.32 

9.7953;^ 

7.02 

9.600085 

4.22 

7.0B 

1 

.584973 

4.32 

.795793 

7.00 

1 

.600838 

4.22 

.821043 

7.oe 

2 

.586232 

4.82 

.796213 

7.02 

2 

.600591 

4.23 

.8214M 

7.02 

8 

.585491 

4.30 

.796634 

7.02 

3 

.600845 

4.22 

.821865 

7.oe 

4 

.585749 

4.32 

.797065 

7.02 

4 

.601098 

4.22 

.828306 

7.02 

5 

.586008 

4.30 

.797476 

7.00 

5 

.601351 

4.20 

.822727 

7.02 

6 

.586266 

4.32 

.797896 

7.02 

6 

.601603 

4.22 

.883148 

7.(B 

7 

.5f652) 

4.30 

.798317 

7.02 

7- 

.601866 

4.22 

.883660 

T.flB 

8 

.58078  J 

4.30 

.798738 

7.00 

8- 

.602109 

4.22 

.883890 

7.08 

9 

.587041 

4.30 

.799158 

7.02 

9 

.602362 

4.20 

.884411 

7.03 

10 

.587299 

4.30 

.799579 

7.02 

10 

.602614 

4.20 

.^4883 

7.08 

11 

9.587.157 

•  4.30 

9.800000 

7.02 

11 

9.60286d 

4.82 

9.886864 

7.02 

12 

.587815 

4.'M 

.800121 

7.00 

12 

.608119 

4.20 

.886GR» 

7.08 

13 

.588073 

4.30 

.800841 

7.02 

13 

.603371 

4.90 

.886006 

7.<» 

14 

.583331 

4.28 

.801262 

7.02 

14 

.603623 

4.20 

.886617 

7.08 

15 

.588588 

4.28 

.801683 

7.02 

15 

.603875 

4.90 

.886«I8 

7.03 

16 

.588816 

4.28 

.802104 

7.00 

16 

.604127 

4.90 

.827860 

7.02 

17 

.58J103 

4.30 

.802524 

7.02 

17 

.604379 

4.90 

.897781 

7.i» 

18 

.589381 

4.28 

.802945 

7.02 

18 

.604631 

4.90 

.888808 

7.02 

19 

.580018 

4.28 

.8a3306 

7.02 

19 

.604883 

4.18 

.888688 

7.02 

90 

.589875 

4.28 

.803787 

7.00 

20 

.605134 

4.90 

.880044 

7.06 

81 

9.590132 

4.28 

9.8M207 

7.02 

21 

9.606886 

4.18 

9.880466 

7.09 

2i 

.590889 

4.28 

.804028 

7.02 

22 

.605637 

4.18 

.880687 

7.08 

83 

.590646 

4.28 

.805049 

7.02 

23 

.605888 

4.90 

.880806 

7.08 

24 

.590008 

4.28 

.805470 

7.02 

24 

.606140 

4.18 

.  .880990 

7.08 

25 

.591160 

4.27 

.805891 

7.00 

25 

.606891 

4.18 

.8dll61 

7.02 

26 

.591416 

4.28 

.806311 

7.02 

26 

.606642 

4.18 

.8dl5n 

7.02 

27 

.591673 

4.27 

.806732 

7.02 

27 

.606893 

4.18 

.881083 

708 

28 

.591929 

4.27 

.807153 

7.02 

28 

.607144 

4.17 

.882416 

7.08 

29 

.592185 

4.28 

.807574 

7.02 

29 

.60';394 

4.18 

.888836 

7.02 

ao 

.592442 

4.27 

.807995 

7.00 

30 
81 

.607645 

4.18 

.8«oi 

7.08 

81 

9.592608 

4.27 

9.808415 

7.02 

9.607896 

4.17 

0.888679 

7.08 

82 

.592954 

4.27 

.806836 

7.02 

32 

.606146 

4.18 

.884100 

7.08 

38 

.593210 

4.27 

.809257 

7.02 

33 

608397 

4.17 

.884682 

7.08 

31 

.593466 

4.25 

.809678 

7.02 

34 

'.608647 

4.17 

.884848 

7.08 

35 

.593721 

4.27 

.810099 

7.02 

35 

.608897 

4.17 

.885864 

7.08 

86 

.593977 

4.27 

.810520 

7.00 

36 

.609147 

4.17 

.886786 

7.oe 

87 

.594233 

4.25 

.810940 

7.02 

37 

.609397 

4.17 

.686907 

7.0B 

88 

.594488 

4.25 

.811361 

7.02 

38 

.609647 

4.17 

.686680 

7.02 

39 

.594743 

4.27 

.811782 

7.02 

39 

.609897 

4.17 

.887060 

7.06 

40 

.594999 

4.25 

.81^03 

7.02 

40 

.610147 

4.17 

.887478 

7.08 

41 

9.596254 

4.25 

9.812624 

7.02 

41 

9.610397 

4.16 

0.68»» 

7.06 

42 

.595509 

4.25 

.813045 

7.02 

42 

.610^46 

4.17 

.688816 

7.08 

43 

.595764 

4.25 

.813466 

7.00 

43 

.610696 

4.15 

.888786 

7.08 

44 

.596019 

4.25 

.813886 

7.1'2 

44 

.611146 

4.15 

.680168 

7.08 

45 

.596274 

4.23 

.814307 

7.02 

45 

.611394 

4.17 

.888579 

7.06 

46 

.596.528 

,  4.25 

.814788 

7.02 

46 

.611644 

4.15 

.840001 

7.06 

47 

.596783 

,  4.25 

.816149 

7.02 

47 

.611893 

4.15 

.840428 

7.08 

48 

.597038 

4.23 

.815570 

7.02 

48 

.612142 

4.16 

.840644 

7.03 

49 

.597292 

4.23 

.815991 

7.(^2 

49 

.612391 

4.16 

.841266 

7.08 

60 

.597546 

4.25 

.816412 

7.02, 

50 

.612&40 

4.18 

.841687 

7.08 

51 

9.597801 

4  28 

9.816833 

7.02 

51 

9.612688 

4.16 

0.849100 

7.06 

62 

.598055 

4.23 

.817254 

7.02 

62 

.613137 

4.15 

.849681 

-08 

53 

.598309 

4.;Si 

'  .817675 

7.02 

63 

.613386 

4.13 

.848068 

V.U8 

54 

.596563 

4.23 

.818096 

7.02 

54 

.613631 

4.15 

.848874 

7.08 

56 

.596817 

4.23 

.  .818517 

7.02 

55 

.613883 

4.18 

.8487B6 

7.08 

56 

.5990n 

4.22 

.818938 

7.i« 

56 

.614131 

4.18 

.844218 

7AU 

57 

.599324 

4.23 

,  .819339 

7.0-J 

67 

.614379 

4.13 

.844680 

7.06 

66 

.599578 

4.22 

1  .819780 

7.02 

58 

.614627 

4.15 

.846061 

7.03 

60 

.599831 

4  23 

.^)201 

7.02 

69 

.614876 

4.13 

.845488 

7.06 

60 

9.600085 

4.22 

9.820623 

7-02 

60 

9.615124 

4.12 

0.846006 

7.081 

430 


AND  EXTERNAL  SEGANT8. 


54* 

55* 

/ 
0 

Vers, 

D.  r. 

Kx.  sec. 

D.  1'. 

f 
0 

Vent 

D.  r. 

Sx.  sec. 

T>,  1". 

9.615124 

4.12 

9.845905 

7.03 

9.629641 

4.05 

0.871250 

.7.05 

1 

.615371 

4.18 

.840327 

7.03 

1 

.630084 

4.03 

.871073 

7.06 

2 

.615619 

4.13 

.846749 

7.02 

3 

.630326 

4.05 

.872096 

7.05 

3 

.615867 

4.13 

.847170 

7.03 

3 

.630569 

4.08 

.872619 

7.06 

4 

.616115 

4.13 

.847593 

7.03 

4 

4  630811 

4.05 

.872942 

7.07 

6 

.616382 

4J3 

.848014 

7.03 

6 

.631054 

4.03 

.878366 

7.05 

6 

.616610 

4.13 

.848436 

7.03 

6 

.631296 

4.03 

.878789 

7.06 

7 

.610857 

4.13 

.848858 

7.03 

7 

.631538 

4.03 

.874212 

7.07 

8 

.617104 

4.13 

.849280 

7.03 

6 

.631780 

4.08 

.874686 

7.05 

9 

.617801 

4.13 

.849702 

7.03 

9 

.683022 

4;08 

.875059 

7.05 

10 

.617599 

4.10 

.850124 

7.03 

10 

.633364 

4.02 

.87&483 

-  7.07 

11 

9.617845 

4.13 

9.880546 

7.03 

11 

9;633S05 

4.03 

9.875906 

7.05 

13 

.618092 

4.13 

.850968 

7.03 

13 

.682747 

4.03 

.87TJ329 

7.05 

18 

.618389 

4.13 

.861390 

7.03 

18 

.632989 

4.03 

.870752 

7.07 

14 

.618586 

4.13 

.851813 

7.08 

14 

.633230 

4.08 

.877176 

7.05 

16 

.618833 

4.10 

.853334 

7.08 

16 

.683479 

4.03 

.877599 

7.07 

16 

.619079 

4.12 

.863656 

7.08 

18 

.633718 

4.03 

.878023 

7.05 

17 

.619830 

4.10 

.858078 

7.03 

17 

.683954 

4.03 

.878446 

7.07 

16 

.619572 

4.10 

.868500 

7.06 

18 

.684196 

4.03 

.878870 

7.07 

19 

.619818 

4.13 

.853923 

7.08 

19 

.6^487 

4.03 

.879894 

7.05 

30 

.620065 

4.10 

.854345 

7.08 

30 

.684678 

4.03 

.879717 

7.07 

21 

9.620311 

4.10 

9.864767 

7.03 

21 

9.684919 

4.00 

9.880141 

7.07 

22 

.620557 

4.10 

.865189 

7.05 

22 

.635159 

4.02 

.880566 

7.05 

23 

.620803 

4.06 

.856613 

7.08 

23 

.635400 

4.02 

.880988 

7.07 

^ 

.621048 

4.10 

.866034 

7.03 

34 

.635641 

4.00 

.881412 

7.07 

25 

.621294 

4.10 

.856456 

7.08 

25 

.635881 

4.02 

.881886 

7.07 

26 

.621540 

4.10 

.856878 

7.05 

36 

.636122 

4.00 

.8^260 

7.05 

27 

.621786 

4.08 

.857301 

7.03 

27 

.636362 

4.02 

.883683 

7.07 

23 

.622031 

4.08 

.857723 

703 

38 

.636G(» 

4.00 

.888107 

7.07 

29 

.622276 

4.10 

.858145 

7.05 

39 

.686843 

4.00 

.888531 

7.07 

30 

.629532 

4.06 

.858568 

7.08 

30 

.687083 

4.00 

.883066 

7.07 

31 

9.622767 

4.06 

9.866990 

7.05 

31 

9.637323 

4.00 

9.884379 

7.07 

32 

.623012 

4.06 

« 859413 

7.(J8 

33 

.637563 

4.00 

.8»4608 

7.07 

33 

.623257 

4.08 

.859885 

7.05 

33 

.637808 

4.00 

.886827 

7.07 

34 

.623502 

4.08 

.800258 

7.03 

34 

.688048 

4.00 

.885651 

7.07 

35 

.623747 

4.06 

.860683 

7.05 

35 

.638283 

3.96 

.886076 

7.07 

36 

.633092 

4.08 

.861103 

7.03 

36 

.638528 

4.00 

.886499 

7.07 

37 

.624237 

4.07 

.861525 

7.05 

87 

.638762 

3.98 

.886933 

7.07 

38 

.624481 

4.08 

.881948 

7.03 

38 

.689001 

4.00 

.887847 

7.08 

39 

.624726 

4.07 

.862370 

7.05 

39 

.639241 

3.9B 

.887773 

7.07 

.40 

.624970 

4.06 

.862793 

7.08 

40 

.689460 

3.96 

.886196 

7.07 

41 

9.625815 

407 

9.863316 

7.06 

41 

9.689719 

3.96 

9.888630 

7.07 

42 

.625459 

4.07 

.863638 

7.05 

42 

.689958 

3.98 

.889044 

7.06 

43 

.625703 

4.07 

.864061 

7.08 

43 

.640197 

3.96 

.889469 

7.07 

44 

.625947 

4.07 

.864483 

7.06 

44 

.640436 

3.96 

.889893 

7.07 

45 

.626191 

4.07 

.864906 

7.06 

45 

.640676 

3.98 

.890317 

7.06 

46 

.626435 

4.07 

.865829 

7.06 

46 

.640914 

3.96 

.890742 

7.07 

47 

.620679 

4.07 

.865753 

7.08 

47 

.641168 

3.97 

.891166 

7.08 

48 

.620023 

4.05 

.886174 

7.05 

48 

.641391 

3.98 

.891591 

7.07 

49 

.627166 

4.07 

.866597 

7.05 

49 

.041630 

3.97 

.892015 

7.08. 

50 

.627410 

4.07 

.867020 

7.05 

60 

.641868 

3.96 

.892440 

7.07 

^K 

9.627854 

4.05 

9.867443 

7.05 

51 

9.648107 

3.97 

9.893664 

7.08 

^ 

-  .627897 

4.06 

.867806 

7.05 

62 

.642346 

3.97 

.893289 

7.08 

53 

.628140 

4.07 

.868289 

7.05 

53 

.642583 

3.98 

.898714 

7.07 

54 

.628884 

4.05 

.868712 

7.05 

54 

.642622 

3.97 

.894138 

7.08 

55 

.628627 

4.05 

.889135 

7.05 

55 

.643000 

3.97 

.894563 

7.08 

56 

.628870 

4.05 

.869558 

7.05 

56 

.643298 

3.96 

.$94968 

7.07 

57 

.620113 

4.06 

.869981 

7.05 

57 

.643635 

3.97 

.895412 

7.08 

58 

.620366 

4.03 

.870404 

7.05 

68 

.643773 

3.97 

.896887 

7.08 

59 

.628698 

4.06 

.870827 

7.05 

69 

.644011 

3.97 

.896363 

7.08 

60 

9.629641 

4.05 

9.871250 

7.05 

60 

9.644249  3.95  1 

9.896687 

7.06 

431 


TABLE  XXVL— LOGARITHMIC  VERSED  SINES 


56° 

1 

/ 

Vers. 

D.  r. 

Ex.  sec. 

D  1'. 

T 

9.644249 

3.95 

9.896687 

7.08 

1 

.644486 

8.97 

.897112 

7.08 

2 

.644734 

8.95 

.897537 

7.08 

8 

.644961 

3.95 

.897962 

7.08 

4 

.646198 

8.95 

.898387 

7.08 

5 

.645436 

8.97 

.898812 

7.08 

6 

.645673 

8.95 

.899237 

7.08 

7 

.645910 

8.95 

.899662 

7.08 

8 

.646147 

8.95 

.900087 

7.08 

9 

.646384 

8.93 

.900512 

7.10 

10 

.646620 

8.95 

.900938 

7.08 

11 

9.646857 

8.96 

9.901363 

7.08 

12 

.617094 

3.98 

.901788 

7.08 

13 

.647330 

3.95 

.902213 

7.10 

14 

.647567 

8.98 

.9(^2639 

7.08 

15 

.647803 

8.93 

.903064 

7.10 

16 

.648039 

8.95 

.903490 

7.08 

17 

.648276 

8.93 

.903915 

7.10 

18 

.646512 

8.93 

.904341 

7.08 

19 

.648748 

3.93 

.904766 

7.10 

20 

.648984 

8.98 

.905192 

7.08 

21 

9.649220 

8.93 

9.905617 

7.10 

22 

.649456 

8.92 

.906043 

7.10 

23 

.649691 

3.93 

.906469 

7.08 

24 

.649927 

3.93 

.906894 

7.10 

25 

.650163 

3.92 

.907320 

7.10 

26 

.650898 

8.92 

.907746 

7.10 

27 

.650633 

3.93 

.908172 

7.10 

28 

.650869 

3.92 

.906598 

7.10 

29 

.651104 

3.92 

.909024 

7.10 

30 

.651339 

8.92 

.909450 

7.10 

31 

9.651574 

8.92 

9.909876 

7.10 

32 

.651809 

8.92 

.910302 

7.10 

33 

.652044 

8.92 

.910728 

7.10 

34 

.652279 

8.92 

.911154 

7.10 

35 

.658514 

8.90 

.911580 

7.10 

36 

.652748 

8.92 

.912006 

7.10 

37 

.652983 

8.90 

.912-132 

7.12 

38 

.658217 

8.92 

.912859 

7.10 

39 

.653452 

8.90 

.913285 

7.30 

40 

.653686 

3.90 

.913711 

7.12 

41 

9.653920 

3.92 

9.914138 

7.10 

42 

.654155 

3.90 

.914564 

7.12 

43 

.654389 

8.90 

.914991 

7.10 

44 

.654623 

8.90 

.915417 

7.12 

45 

.654857 

3.88 

.915844 

7.10 

46 

.655090 

8:90 

.916270 

7.12 

47 

.655324 

8.90 

.916697 

7.12 

48 

.655558 

8.90 

.917124 

7.10 

49 

.655792 

8.88 

.917550 

7.12 

60 

.656025 

8.88 

.917977 

7.12 

51 

9.656258 

8.90 

9.918404 

7.13 

62 

.656492 

8.88 

.918831 

7.12 

63 

.656?^ 

3.88 

.919258 

7.12 

54 

.656958 

8.88 

.919685 

7.12 

55 

.657191 

8.88 

.920112 

7.12 

56 

.657424 

8.88 

.920539 

7.12 

57 

.657657 

3.88 

.920966 

7.12 

58 

.657890 

8.88 

.921393 

7.12 

59 

.658123 

3.88 

.921820 

7.18 

60 

9.658356 

3.87 

9.922247 

7.12 

57* 


/ 
0 

Vers. 

D.  r. 

Ex.  sec." 

D.  1-. 

9.658356 

3.87 

9.922847 

7.13 

1 

.658588 

3.88 

.922674 

7.18 

3 

.658821 

3.87 

.923102 

7.12 

8 

.659053 

3.88 

.928529 

7.13 

4 

.659286 

8.87 

.923956 

7.18 

6 

.659518 

8.87 

.924884 

7.12 

6 

.659760 

8.88 

.924811 

7.18 

7 

.659963 

8.87 

.925239 

7.13 

8 

.660216 

8.87 

.925G66 

7.18 

9 

.660447 

3.87 

.926094 

7.13 

10 

.660679 

8.85 

.926521 

7.13 

11 

9.660910 

8.87 

9.926949 

7.13 

13 

.661142 

8.87 

.927377 

7.12 

13 

.661374 

8.86 

.927804 

7.13 

14 

.661606 

8.87 

.928238 

7.13 

15 

.661837 

8.85 

.928660 

7.13 

16 

.662068 

8.87 

.929088 

7.13 

17 

.662300 

8.86 

.929516 

7.13 

18 

.662581 

8.85 

.929944 

7.13 

19 

.662763 

8.85 

.93087^ 

7.13 

30 

.663993 

8.85 

.930600 

7.18 

21 

9.663224 

8.85 

9.931328 

7.18 

32 

.663455 

8.85 

.931656 

7.15 

28 

.063686 

8.85 

.932086 

7.13 

34 

.663917 

8.86 

.932518 

7.13 

36 

.664148 

8.88 

.932941 

7.13 

36 

.664878 

3.86 

.933869 

7.15 

37 

.664609 

8.83 

.933798 

7.13 

28 

.664839 

8.86 

.934226 

7.15 

29 

.665070 

3.83 

.934655 

7.18 

30 

.665300 

8.88 

.935088 

7.15 

81 

9.666530 

8.88 

9.935513 

7.16 

33 

.665760 

8.88 

.935941 

7.18 

33 

.665090 

8.83 

.936369 

7.15 

34 

.666i>20 

3.88 

.936796 

7.15 

35 

.666450 

8.88 

.937237 

7.15 

86 

.666680 

8.83 

.937656 

7.15 

87 

.666910 

8.83 

.938065 

7.18 

88 

.667189 

8.83 

.988513 

7.15 

39 

.667369 

8.83 

.938942 

7.15 

40 

.667599 

8.83 

.939871 

7.17 

41 

9.667828 

8.83 

9.989601 

7.16 

42 

.668057 

8.88 

.940280 

7.15 

43 

.668287 

8.83 

.940659 

7.15 

44 

.668516 

8.83 

.941068 

7.15 

45 

.668745 

8.83 

.941617 

7.17 

46 

.668974 

8.83 

.941947 

7.16 

47 

.669203 

8.83 

.{^2876 

7.15 

48 

.669432 

8.83 

.942806. 

7.16 

49 

.669601 

8.80 

.943386 

7.17 

60 

.669689 

8.83 

.948665 

7.16 

61 

9.670118 

8.83 

9.944094 

7.17 

52 

.670347 

8.80 

.944534 

7.15 

53 

.670575 

8.83 

.944958 

7.17 

64 

.670804 

8.80 

.945388 

7.17 

55 

.6n038 

8.80 

.945818 

7.17 

56 

.671260 

8.80 

.946348 

7.17 

57 

.671488 

8.80 

.946678 

7.17 

68 

.671716 

8.83 

.947106 

7.17 

59 

.671945 

8.78 

.947688 

7.17 

60 

9.672172 

8.80 

9.M7D08 

7.17 

4^2 
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TABLE  XXVI.--LOaAErrHMIO  VEBSED  SINES 


m* 

9V 

Vers, 

D.  1'; 

Etc.  see. 

D.  1". 

/ 
0 

Vers. 

D.r. 

Ex.  S6C.  D.1-. 

9.698970 

3.65 

10.000000 

7.30 

9.711968 

3.57 

10.036397 

7.37 

1 

.699180 

3.63 

.000438 

7.88 

1 

.713183 

3.58 

.036889 

7.37 

8 

.699407 

3,65 

,000875 

7.30 

3 

.718897 

3.57 

.087881 

7.38 

3 

.699686 

3.65 

.0P1313 

7.30 

3 

.713611 

3.57 

.087784 

7,38 

4 

.699846 

3.63 

.001751 

7.30 

4 

.718885 

3.67 

.088167 

7.87 

5 

.700063 

3.65 

.008189 

7.30 

5 

.718089 

3.57 

.(K38609 

"1.38 

6 

.700888 

3.63 

.008637 

7.30 

6 

.713853 

3.57 

.089058 

7.38 

7 

.700500 

3.63 

.008065 

7.30 

7 

.713467 

8.57 

.039495 

7.38 

8 

.700718 

3.63 

.008503 

7.33 

8 

.713681 

3.57 

.080998 

7.38 

9 

.700936 

3.63 

.003943 

7.30 

9 

.713895 

3.57 

.030381 

7.40 

10 

.701154 

3.63 

.004380 

7.30 

10 

.714109 

3.57 

.030885 

7.38 

11 

9.701878 

8.63 

10.004818 

7.33 

11 

9.714888 

3.55 

10.081368 

7.38 

13 

.701590 

3.63 

.005857 

7.30 

18 

.714586 

3.57 

.081711   7.40 

13 

.701808 

3.63 

.005695 

7.38 

13 

.714750 

3.55 

.038156  7.88 

14 

.708086 

3.63 

.006134. 

7.33 

14 

.714963 

3.57 

.088598 

7.40 

15 

.708844 

3.63 

.006573 

7.33 

15 

.715177 

3.55 

.068043 

7.40 

l^ 

.70^8 

3.68 

.007018 

7.30 

16 

.715890 

3.55 

.088486 

7.38 

17 

.708679 

3.63 

.007450 

7.33 

17 

.715603 

3.57 

.098989 

7.40 

18 

.703897 

3.68 

.007889 

7.33 

18 

.715817 

8.55 

.034373 

7.40 

19 

.708114 

3.63 

.008338 

7.33 

19 

.716080 

3.55 

.034817 

7.40 

80 

.703383 

3.68 

.008767 

7.33 

80 

.716843 

3.55 

.036961 

7.40 

81 

9.708549 

3.68 

10.000807 

7.38 

31 

9.716456 

3.55 

10.095706 

7.43 

8:^ 

.708766 

3.68 

.009646 

7.33 

23 

.716669 

3.55 

.036150 

7.40 

S3 

.703983 

3.68 

.010085 

7.33 

23 

.716883 

8.55 

.086594 

7.40 

94 

.704800. 

3.68 

.010535 

7.33 

34 

.717095 

3.53 

.067088 

7.43 

85 

.704417 

3.63 

.010964 

7.38 

35 

.717307 

3.55 

.087483 

7.43 

86 

.701684 

3.68 

.011404 

7.38 

36 

.717530 

3.63 

.087988 

7.40 

87 

.T04861 

3.68 

.011843 

7.83 

37 

.717783 

3.55 

.038378 

7.43 

88 

.706068 

3.68 

.018883 

7.33 

38 

.717945 

8.53 

.038817 

7.43 

89 

.705885 

3.60 

.013733 

7.33 

39 

.718157 

8.55 

.039368 

7.42 

80. 

.705601 

3.68 

.013163 

7.33 

30 

.718370 

3.53 

.089707 

7.43 

31 

9.705718 

3.63 

10.013608 

7.33 

31 

9.718588 

3.53 

10,040158 

7.43 

38 

.705935 

3.60 

.014043 

7.33 

33 

.718794 

3.55 

.040597 

7.43 

93 

.706151. 

3.60 

.014483 

7.33 

83 

.719007 

3.53 

.041043 

7.43 

34 

.706367 

3.63 

.014983 

7.33 

34 

.710819 

3.53 

.041488 

7.42 

35 

.706584 

3.60 

.015363 

7.35 

a5 

.719481 

3.53 

.041983 

''.43 

36 

.706800 

3.60 

.015804 

7.33 

36 

.719643 

3.53 

.048379 

7.43 

87 

.707016 

3.60 

.016844 

7.33 

37 

.719855 

3.53 

.048884 

7.43 

88 

.707838 

3.60 

.016684 

7.33 

88 

.730066 

3.53 

.043870 

7.43 

99 

.707448 

3.60 

.017135 

7.35 

39 

.730878 

3.53 

.048716 

7.43 

40 

.707664 

3.60 

.017566 

7.35 

40 

.780490 

3.53 

.044163 

7.43 

41 

9.707880 

3.60 

10.018007 

7.a3 

41 

9.730701 

8.53 

10.044606 

7.48 

ii 

.708096 

.3.58 

.018447 

7.35 

48 

.720913 

3.53 

.045064 

7.43 

43 

.708311 

3.60 

.018888 

7.a5 

43 

.781134 

8.53 

.045600 

7.43 

44 

.708587 

3.60 

.019389 

7.35 

44 

.721836 

3.53 

.046946 

7.45 

45 

.7087'43 

3.58 

.019770 

7.37 

45 

.731547 

3.58 

.046898 

7.43 

46 

.708958 

8.60 

.030313 

7.35 

46 

.721758 

8.53 

046889 

7.45 

47 

.709174 

8.58 

.020653 

7.86 

47 

.721970 

8.53 

.047886 

7.48 

48 

.700389 

3. .58 

.031094 

7.85 

48 

.738181 

8.53 

.047788 

7.46 

49 

.700GO4 

3.58 

.031585 

7.87 

49 

.783393 

8.58 

.048179 

7.45 

50 

.709819 

3.58 

.031977 

7.87 

50 

.733608 

8.58 

.048686 

7.46 

51 

9.710035 

8.58 

10.083419 

7.35 

51 

9.783814 

8.50 

10.049073 

7.45 

58 

.710350 

3.58 

.033860 

7.37 

58 

.783084 

8.53 

.019580 

7.45 

53 

.710465 

8.58 

.033303 

7.37 

53 

.733385 

3.53 

.049967 

7.45 

54 

.710680 

3.58 

.083744 

7.37 

54 

.733446 

3.58 

.030414 

745 

65 

.710895 

3.57 

.084186 

7.37 

55 

.738657 

3.50 

.050861 

7-47 

56 

,711109 

3.58 

.034638 

7.37 

56 

.723867 

3.53 

.061809 

7.45 

57 

.711384 

3.58 

.035070 

7.37 

57 

.734078 

3.50 

.051TO6 

7.47 

58 

,711539 

3.57 

.025518 

7.37 

58 

.734288 

3.50 

.068304 

7.47 

59 

.711753 

3.58 

.025^54  7.m   1 

59 

.724498 

3.52 

.063668 

7.45 

60 

9. 711008 

3.57 

10.030397  7.37  1 

60 

9.73^i709  8.50 

10.053009 

7.47 

■*'^- 


AND  ErrERNAL  BBCAlfrB. 


82« 

68<* 

•          1 

1 

1 

0 

Vers. 

D.r. 

Ex.  sec. 

D.  r. 

/ 
0 

Vers. 

D.r. 

£x.  660. 

1 

D.r.i 

9.724709 

3.50 

10.053099 

7.47 

9.737200 

3.43 

10.080153 

7.58, 

1 

.724919 

3.50 

.063547 

7.47 

1 

.737406 

3.43 

.080808 

7.67 

2 

.725129 

8.50 

.053995 

7.47 

3 

.737612 

3.48 

.081063 

7.57i 

8 

.725339 

3.50 

.054443 

7.48 

3 

.737818 

3.43 

.081516 

7.68i 

4 

.726549 

8.50 

.054892 

7.47 

4 

.738084 

8.43 

.0^971 

7.57 

5 

.725759 

8.60 

.055340 

7.47 

5 

.788830 

3.43 

.088435 

7.68 

0 

.725969 

8.50 

.065788 

7.48 

6 

.738436 

3.43 

.083880 

7»58 

■r 

.726179 

8.48 

.056237 

7.47 

7 

.738642 

3.43 

.088335 

7,58 

8 

.726388 

3.50 

.056685 

7.48  1 

8 

.788847 

8.43 

.083790 

7.58 

9 

.726598 

3.50 

.067134 

7.48 

9 

.739053 

8.42 

.084345 

7.68 

10 

.726808 

3.48 

.057583 

7.48 

10 

.739258 

3.43 

.(»mo 

7.68 

11 

9.727017 

8.60 

10.058032 

7.48 

11 

9.739464 

3.42 

10.085166 

7.60= 

12 

.727227 

3.48 

.058481 

7.48 

12 

.739669 

3.43 

.086611 

7.58' 

13 

.727436 

8.48 

.058930 

7.48 

13 

.739875 

8.42 

.086C66 

7.60 

14 

.727645 

3.50 

.059379 

7.48 

14" 

.740080 

3.43 

.086583 

7.58 

15 

.727855 

3.48 

.059828 

7.60 

15 

.740285 

3.42 

.086^7 

7.60 

16 

.728064 

3.48 

.060278 

7.48 

16 

.740490 

3.42 

.087483 

7.80 

17 

.728273 

8.48 

.omr^ 

7.50 

17 

.740695 

3.43 

.mm  i  7.60 

18 

.728488 

3.48 

.061177 

7.48 

18 

.740900 

3.43 

.086846 

7.60 

19 

.728691 

8.48 

.061626 

7.60 

19 

.741105 

3.43 

.088801 

7.62 

30 

.TiS&dOO 

8.48 

.062076 

7.50 

20 

.741310 

3.48 

.0^9366 

7.60 

31 

9.729109 

3.47 

10.062526 

7.50 

21 

9.741615 

3.40 

10.089714 

7.62 

22 

.729317 

3.48 

.062976 

7.50 

23 

.741719 

8.43 

.090171 

7.60 

23 

.729526 

8.48 

.063426 

7.50 

23 

.741924 

8.43 

.090637 

7.68 

24 

.729785 

3.47 

.068876 

7.53 

24 

.742129 

3.40 

.091084 

7.63 

25 

.729948 

3.48 

.064827 

7.50 

25 

.742833 

3.43 

.091641 

7.68 

26 

.730158 

8.^7 

.064777 

7.50 

26 

.742638 

3.40 

.091998 

7.68 

27 

.730360 

8.48 

.065287 

7.52 

27 

.742742 

3.40 

.093466 

7.68 

28 

.730569 

3.47 

.065678 

7.52 

28 

.742946 

8.40 

.093913 

7.68 

20 

.730777 

8.47 

.066129 

7.52 

29 

.743160 

3.43 

.098870 

7.68 

30 

.730966 

3.47 

.066680 

7.50 

80 

.743366 

8.40 

.098837 

7.68 

31 

9.T31198 

3.47 

10.067060 

7.53 

81 

9.748669 

3.40 

10.094385 

7.68 

32 

.731401 

8.47 

.067482 

7.52 

82 

.743768 

3.40 

.094743 

7.68 

33 

.731609 

3.47 

.067933 

7.52 

83 

.743967 

3.40 

.095200 

7.63 

34 

.731817 

3.47 

.068384 

7.52 

34 

.744171 

3.40 

.096668 

7.68 

86 

.732025 

8.47 

.068885 

7.53 

85 

.744375 

3.38 

.096116 

7.86 

86 

.732238 

3.47 

.069287 

7.52 

86 

.744678 

3.40 

.096675 

7.68 

87 

.732441 

3.45 

.069738 

7.53 

87 

.744788 

3.40 

.097083 

7.63 

88 

.732848 

3.47 

.(m)190 

7.63 

88 

.744986 

3.38 

.097491 

7.65 

89 

.732856 

8.47 

.070642 

7.52 

89 

.745189 

3.40 

.097950 

7.68 

40 

.738064 

3.45 

.071093 

7.53 

40 

.745398 

3.38 

.098408 

7.66 

41 

9.783271 

8.46 

10.071545 

7.56 

41 

9.745696 

3.40 

10.098867 

7.65 

42 

.733478 

8.47 

.071998 

7.53 

42 

.746800 

3.38" 

.099836 

7.66 

43 

.738686 

3.45 

.072450 

7.53 

43 

.746003 

3.38 

.099786 

7.66 

44 

.733893 

3.45 

.078902 

7.53 

44 

.746206 

3.38 

.100244 

7.67 

45 

.734100 

3.46 

.073354 

7.55 

45 

.746409 

3.40 

.100704 

7.66 

46 

.784807 

8.47 

.073807 

7.55 

46 

.746618 

3.38 

.101168 

7.67 

47 

.784515 

d.4d 

.074260 

7.63 

47 

.746816 

3.38 

.101828 

7.65 

48 

.734721 

3.45 

.074712 

7.55 

48 

.747019 

3.38 

.102083 

7.67 

49 

.734928 

3.45 

.075165 

7.55 

49 

.747222 

3.37 

.102542 

7.67, 

50 

.735135 

8.45 

.075618 

7.55 

60 

.747424 

3.88 

.103003 

7.67; 

51 

9.735342 

8.45 

10.076071 

7.55 

51 

9.747687 

3.88 

10.103463 

7.67 

58 

.735549 

3.43 

.076524 

7.65 

62 

.747830 

3.38 

.103923 

7.67 

53 

.735755 

3.46 

.076977 

7.57 

53 

.748033 

3.37 

.104383 

7.68 

54 

.736962 

3.46 

.077481 

7.55 

54 

.748335 

8.38 

.104843 

7.67 

66 

.736169 

3.43 

.o'rft«4 

7.67 

55 

,748488 

8.37 

.10EK303 

7.66 

56 

.786375 

3.48 

.078338 

7.57 

66 

.748640 

8.38 

.105764 

7.67 

57 

.736681 

3.45 

,078798 

7.55 

57 

.748848 

8,37 

.106334 

l\^ 

58 

.736788 

8.48 

.079345 

7.57 

58 

.749045 

8.3? 

.106o85 

59 

.786094 

3.48 

.079699 

7.57 

59 

.749347 

8.87 

.107146 

7.6§ 

60 

Q.737S00 

8.43 

10.080153 

7.r;8 

CO 

9.74044D 

3.S3 

10.107007  7.70 

4i55 


TABLE  XXVL-LOGABITHMIC  VEBSED  SINES 


64 

o 

/ 

Vers. 

D.  r. 

Ex.  sec. 

D  V. 

0 

9.749449 

8.88 

10.107607 

7.70 

1 

.749662 

8.87 

.108069 

7.68 

2 

.749664 

3.87 

.106530 

7.70 

8 

.750066 

8.37 

.108992 

7.68 

4 

.750258 

3.86 

.109458 

7.70 

5 

.750169 

3.87 

.109915 

7.70 

6 

.760661 

8.37 

.110877 

7.70 

7 

.760863 

3.87 

.110839 

7.70 

8 

.761065 

3.85 

.111801 

7.70 

9 

.751266 

3.87 

.111768 

7.72 

10 

.751468 

3.35 

.112226 

7.70 

11 

9.751669 

8.87 

10.112688 

7.72 

12 

.751871 

8.35 

.113151 

7.72 

18 

.762072 

8.85 

.113614 

7.72 

14 

.758278 

8.87 

.114077 

7.72 

16 

.762475 

8.35 

.114640 

7.72 

16 

.752676 

3.35 

.115003 

7.72 

17 

.762877 

3.35 

.115466 

7.72 

18 

.758078 

8.36 

.115929 

7.73 

19 

.768279 

8.35 

.116303 

7.73 

20 

.758480 

3.36 

.116857 

7.73 

21 

9.753681 

8.88 

10.117821 

7.73 

22 

.758881 

8.36 

.117785 

7.73 

28 

.754062 

3.85 

.118249 

7.73 

24 

.764288 

8.88 

.118713 

7.73 

25 

.754488 

8.35 

.119177 

7.75 

26 

.754684 

8.38 

.119642 

7.73 

27 

.764884 

8.35 

.120106 

7.75 

28 

.755086 

8.33 

.120571 

7.75 

29 

.756286 

3.88 

.121036 

7.75 

80 

.756485 

3.88 

.121501 

7.75 

81 

9.756685 

3.85 

10.121966 

7.75 

82 

.755886 

3.33 

.U2481 

7.77 

88 

.756086 

3.88 

.122897 

7.75 

84 

.756286 

3.83 

.128862 

7.77 

85 

.756486 

3.32 

.123828 

7.77 

86 

.756685 

3.33 

.124394 

7.77 

87 

.756885 

3.38 

.124760 

7.77 

88 

.757085 

3.38 

.125226 

7.77 

89 

.757«85 

8.32 

.125692 

7.77 

40 

.757484 

3.38 

.126158 

7.78 

41 

9.757684 

8.32 

10.126625 

7.78 

42 

.757888 

3.33 

.127092 

7.77 

48 

.758068 

8.32 

.127558 

7.78 

44 

.758282 

3.32 

.128025 

7.78 

45 

.758481 

8.83 

.128492 

7.80 

46 

.758681 

8.32 

.128960 

7.78 

47 

.768880 

3.32 

.129427 

7.78 

48 

.759079 

3.32 

.129694 

7.80 

49 

.759278 

3.32 

.130362 

7.80 

60 

.759477 

3.32 

.130830 

7.80 

61 

9.759676 

3.32 

10.131298 

7.80 

52 

.759875 

3.30 

.181766 

7.80 

53 

.760073 

3.32 

132284 

7.80  ' 

64 

.760272 

3.32 

.182702 

7.80 

66 

.780471 

3.30 

.138170 

7.82  1 

66 

.760669 

8.32 

.183639 

7.82  1 

67 

.760868 

3.80 

.134108 

7.82  ' 

68 

.761066 

8.32 

.184577 

7.82 

69 

.761265 

8.80 

.135046 

7.82 

60 

9.761463 

3.80 

10.135515 

7.82  1 

65« 


0 

Vers. 

D.  r. 

Ex.  sec. 

D.r. 

9.761463 

3.80 

10.185515 

7.82 

1 

.761661 

3.82 

.135984 

7.88 

2 

.761860 

3.80 

.136454 

7.82 

3 

.762058 

8.30 

.186928 

7.83 

4 

.762256 

8.30 

.187398 

7.88 

5 

.762454 

3.80 

.137863 

7.88 

6 

.762652 

8.80 

.188888 

7.88 

7 

.762850 

8.28 

.138808 

7.88 

8 

.763047 

8.80 

.189273 

7.85 

9 

.763245 

8.80 

.189744 

7.88 

10 

.763443 

8.80 

.140214 

786 

11 

9.768641 

8.28 

10.140685 

7.85 

12 

.763888 

8.80 

.141156 

7.86 

13 

.764086 

3.28 

.141627 

7.85 

14 

.764233 

8.28 

.142098 

7.85 

15 

.764480 

8.80 

.142569 

7.87 

16 

.764628 

3.28 

.143041 

7.86 

17 

.764825 

3.28 

.143512 

7.87 

18 

.765022 

3.28 

.148984 

7.87 

19 

.765219 

8.28 

.144456 

7.87 

20 

.765416 

3.28 

.144928 

7.87 

21 

9.765613 

8.28 

10.146400 

7.87 

22 

.765810 

3.28 

.145872 

7.88 

28 

.766007 

3.28 

.146845 

7.88 

24 

.766204 

3.28 

.146818 

7.87 

25 

.766401 

8.27 

.147290 

7.88 

26 

.766597 

8.28 

.147768 

7.88 

27 

.766794 

8.28 

.148236 

7.90 

28 

.766991 

3.27 

.148710 

7.88 

29 

.767187 

8.28 

.149183 

7.90 

30 

.767884 

8.37 

.149657 

7.88 

31 

9.767580 

8.27 

10.150180 

7.90 

82 

.767776 

8.27 

.150604 

7.90 

33 

.767972 

8.28 

.151078 

7.90 

34 

.768169 

8.27 

.151552 

7.92 

35 

.768865 

3.27 

.152027 

7.90 

36 

.768561 

3.27 

.152501 

7.92 

87 

.768757 

3.27 

.162976 

7.90 

38 

.768958 

3.27 

.158450 

7.98 

89 

.769149 

8.25 

.1589^ 

7.92 

40 

.769344 

3.27 

.154400 

7.93 

41 

9.769540 

8.27 

10.164876 

7.92 

42 

.769786 

8.25 

.166851 

7.02 

43 

.769931 

8.27 

.165826 

7.93 

44 

.770127 

3.27. 

.156802 

7.98 

45 

.770323 

3.25 

.156778 

7.98 

46 

.770518 

3.25 

.167854 

7.98 

47 

.770713 

8.27 

.167730 

7.98 

48 

.770909 

8.25 

.168206 

7.96 

49 

.771104 

8.25 

.158^88 

7.ie 

50 

.771299 

3.26 

.169159 

7.95 

51 

9.771494 

8.26 

10.160686 

7.95 

52 

.771689 

8.25 

.160113 

7.95 

53 

.771884 

3.26 

.160500 

7.1'5 

54 

.778079 

3.25 

.161067 

7.97 

55 

.772274 

3.26 

.161646 

7.95 

56 

.772469 

3.25 

.162022 

7.97 

57 

.772664 

8.28 

..162600 

7.97 

58 

.772858 

8.25 

.162978 

7.97 

59 

.778053 

3.26 

.168456. 

7.97 

60 

9  778248 

8.23 

10.16S93I 

7.98 

4^ 


AND  EXTERNAL  SECANTS. 


66 

0 

/ 

Vers. 

D.  r. 

Ex.  sec. 

D.  r. 

0 

9.778248 

8.28 

10.168984 

7.98 

1 

.773442 

3.28 

.164413 

7.97 

2 

.773686 

3.25 

.164891 

7.98 

3 

.773881 

3.28 

.165870 

7.98 

4 

.774025 

3.28 

.165849 

7.98 

5 

.774219 

3.26 

.166828 

7.98 

6 

.774414 

3.28 

.166807 

7.98 

7 

.774608 

3.28 

.167286 

8.00 

8 

.774802 

3.28 

.167766 

7.98 

9 

.774996 

3.23 

.168245 

8.00 

10 

.775190 

8.28 

.168786 

8.00 

11 

9.775384 

3.22 

10.169205 

8.00 

12 

.775577  3.23 

.169686 

8.00 

13 

.775771 

3.28 

.170166 

8.02 

14 

.775965 

3.28 

.170646 

8.02 

15 

.776159 

3.22 

.171127 

8.00 

16 

.776352 

3.23 

.171607 

8.02 

17 

.776546 

3.22 

.172088 

8.02 

18 

.776T89 

3.83 

.172569 

8.03 

19 

.776983 

3.22 

.173051 

8.08 

20 

.777126 

3.22 

.173682 

8.08 

21 

9.777819 

3.22 

10.174014 

8.08 

22 

.777512 

3.22 

.174496 

8.03 

23 

.777705 

3.28 

.174978 

8.03 

24 

.777899 

3.22 

.175460 

8.03 

25 

.778092 

3.22 

.175948 

8.05 

26 

.778285 

3.20 

.176425 

8.03 

27 

.778477 

3.22 

.176907 

8.05 

28 

.778670 

3.22 

.177890 

8.05 

29 

.778863 

3.22 

.177873 

8.05 

30 

.779056 

3.20 

.178856 

8.05 

31 

9.779248 

8.22. 

10.178889 

8.07 

32 

.779441 

3.22 

.179823 

8.07 

33 

.779634 

3.20 

.179607 

8.05 

34 

.rrmsd 

3.20 

.180290 

8.07 

35 

.780018 

3.22 

.180774 

8.08 

36 

.780211 

3.80 

.181269 

8.07 

37 

.780403 

3.20 

.181743 

8.07 

38 

.780595 

3.20 

.188887 

8.08 

39 

.780787 

3.22 

.183712 

8.08 

40 

.780980 

3.20 

.188197 

8.08 

41 

9.781172 

3.20 

10.188682 

8.08 

42 

.781364 

3.20 

.184167 

8.10 

43 

.781556 

3.18 

.184668 

8.06 

44 

.781747 

3.20 

.186188 

8.10 

45 

.781989 

3.20 

.186634 

8.10 

46 

.783181 

3.20 

.188110 

8.10 

47 

.782823 

3.18 

.186696 

8.10 

48 

.782514 

3.20 

.187068 

8.10 

49 

.782706 

3.18 

.187668 

8.12 

60 

.788897 

8.20 

.188066 

8.12 

51 

9.78R0R9 

8.18 

10.188642 

8.12 

52 

.788880 

3.18 

.189029 

8.12 

53 

.788471 

3.20 

.189616 

8.12 

54 

.788663 

8.18 

.190006 

8.13 

55 

.788854 

3.18 

.190491 

8.12 

56 

.784045 

8.18 

.190978 

8.13 

57 

.784236 

8.18 

.191466 

8.13 

68 

.784427 

3.18 

.191964 

8.15 

59 

.784618 

3.18 

.192448 

8.n 

60 

9.784809 

3.18 

10.198981 

8.16 

67« 


Verft. 


0 
1 
2 

8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 

28 
24 
25 
26 
87 
28 
29 
30 

31 
33 
83 
84 
35 
36 
37 
38 
39 
40 

41 
42 
48 

44 
46 
46 

47 
48 
49 
50 

51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


9.784809 
.786000 
.786191 
.786881 
.786678 
.786763 
.785968 
.786144 
.786884 
.786534 
.786715 

9.786005 
.787095 
.787886 
.787475 
.787665 
.787866 
.788046 
.786285 
.786485 
.788614 

9.786804 
.788998 
.789188 
.789378 
.789568 
.789751 
.789940 
.790130 
.790819 
.790606 

9.790697 
.790686 
.791075 
.791364 
.791453 
.791641 
.791880 
.793019 
.798807 
.793896 

9.793684 
.793772 
.798961 
.798149 
.798887 
.798636 
.798714 
.798903 
.794090 
.794877 

9.794466 
.794658 
.794841 
.796088 
.795316 
.795404 
.796691 
.796779 
.796966 

9.796153 


D.  r. 


3.18 
3.18 
3.17 
8.18 
3.18 
3.17 
3.18 
3.17 
8.17 
8.18 
3.17 

8.17 
3.17 
8.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.15 
8.17 

8.15 
8.17 
3.15 
3.17 
3.15 
3.15 
3.17 
3.15 
8.15 
3.15 

3.15 
3.15 
3.15 
3.16 
8.13 
3.16 
3.15 
3.18 
3.15 
3.18 

8.13 
3.15 
3.18 
3.18 
8.18 
3.15 
3.13 
3.18 
3.13 
8.18 

8.13 
3.13 
8.18 
3.13 
8.13 
3.18 
3.13 
3.12 
3.12 
3.13 


Ex.  sec. 

10.198931 
.198430 
.198906 
.194897 
.194886 
.195876 
.196865 
.196865 
.196845 
.197886 
.197835 

10.196815 
.196806 
.199897 
.199788 
.200879 
.300770 
.301363 
.301758 
.303346 
.303787 

10.306239 
.208783 
.304316 
.304707 
.806300 
.305694 
.306187 
.306681 
.307174 
.307668 

10.306163 
.306667 
.309161 
.809046 
.310141 
.810686 
.811181 
.311627 
.312188 
.313618 

10.218116 
.218611 
.214107 
.214604 
.215101 
.215598 
.816095 
.816593 
.817090 
.317588 

10.318066 
.818585 
.819063 
.319583 
.880081 
.820580 
.221079 
.221578 
.228078 

10.228678 
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TABLE-^XXVI.-LOGAKITHMIC  VBESED  SINES 


6S 

o 

69" 

Vere. 

D.r. 

I^X.  860. 

D.r. 

/ 
0 

Vers. 

D.r. 

Kx.  seo. 

D.1-. 

9.796153 

3.18 

10.222578 

8.33 

9.807286 

3.07 

10.252957 

8.56 

■  1 

.796341 

3.12 

.228078 

8.3;^ 

1 

.807470 

3.07 

.253470 

8.55 

2 

.796538 

3.13 

.223578 

8.35 

2 

.807654 

3.05 

.26uaOo 

8.57 

3 

.T96T15 

3.12 

.224079 

8.33 

3 

.807837 

3.07 

.254497 

8.55 

4 

.796902 

3.12 

.224579 

8.35 

4 

.806021 

3.05 

.256010 

8.57 

5 

,797089 

8.12 

.225080 

8.85 

5 

.808204 

3.07 

.256524 

8.58' 

6 

.  .797276 

3.12 

.225581 

8.37 

6 

.806888 

3.06 

.266039 

8.57 

■■■  7 

.797463 

3.12 

.226083 

8.35 

7 

.808571 

3.07 

.256553 

8.58 

8 

.797650 

3.12 

.226584 

8.37 

8 

.806765 

3.06 

.257068 

8.57 

9 

.797837 

3.10 

.827086 

8.37 

9 

.808938 

3.05 

.257582 

8.60 

10 

.798023 

a.  12 

.227588 

8.3r 

10 

.809121 

3.07 

.258096 

8.58 

11 

9.798210 

3.12 

10.228090 

8.37 

11 

9.809805 

3.05 

10.256613 

8.60 

12 

.798397 

3.10 

.228692 

8.38 

12 

.809488 

3.05 

.259129 

8.58 

13 

.798683 

3.12 

.229095 

8.88 

13 

.809671 

3.05 

.259644 

8.60 

14 

.798770 

3.10 

.229598 

8.38 

14 

.800854 

305 

.260160 

8.62 

15 

.798056 

3.10 

.230101 

8.38 

15 

.810037 

3.05 

.260677 

8.60 

16 

.799142 

3.12 

.280604 

8.38 

16 

.810220 

3.05 

.261193 

8.62 

17 

.799829 

3.10 

.282107 

8.40 

17 

.810403 

3.03 

.261710 

8.62 

Id 

.799515 

3.10 

.231611 

8.40 

18 

.810585 

3.06 

.262227 

8.62 

19 

.799701 

3.10 

.232115 

8.40 

19 

.810768 

3.05 

.262744 

8.63 

90 

.799887 

312 

.282619 

8.40 

20 

.810951 

3.05 

.263262 

8.62 

31 

9.800074 

3. 10 

10.883128 

840 

21 

9.811134 

3.03 

10.263779 

8.63 

22 

.800260 

3.10 

.288627 

8.42 

22 

.811316 

3.05 

.264297  I  8.63 

23 

.800446 

3.08 

.234132 

8.42 

28 

.811499 

3.08 

.264815 

8.65 

24 

.800631 

3.10 

.284637 

8.42 

24 

.811681 

3.06 

.065334 

8.65 

25 

.800817 

3. 10 

.235142 

8.42 

25 

.811864 

3.08 

.266853 

8.  as 

26 

.801003 

3. 10 

,235647 

8.43 

26 

.812046 

3.08 

.286371 

8.67 

27 

.801189 

3. 10 

.286153 

8.42 

27 

.812228 

3.03 

.266891 

8.65 

28 

.801875 

3.08 

.236658 

8.43 

28 

.812410 

3.05 

.367410 

8.67 

29 

.801560 

3.10 

.287164 

8.43 

29 

.812593 

3.03 

.267930 

8.65 

SO 

.801746 

3.08 

.287670 

8.45 

80 

.812775 

3.03 

.968449 

8.68 

31 

9.801981 

310 

10.238177 

8.48 

81 

9.812957 

3.08 

10.268970 

8.67 

82 

.808117 

308 

.238683 

8.45 

32 

.813139 

3.08 

.269490 

8.68 

33 

.802802 

3.08 

.289190 

8.45 

33 

.818321 

3.08 

.270011 

«.67 

34 

.802487 

3.10 

.239697 

8.45 

34 

.818503 

3.08 

.270681 

8.68 

35 

.808673 

3.08 

.240204 

8.47 

35 

.813685 

3.02 

.271062 

8.70 

36  j 

.802858 

3.08 

.240712 

8.45 

36 

.813866 

3.08 

.271674 

8.68 

37  1 

.803043 

3.08 

.241219 

8.47 

37 

.814018 

3.08 

.279095 

8.70 

38 

.803228 

3.06 

.241727 

8.47  1 

38 

.814280 

3.02 

.372617 

8.70 

89 

.803413 

3.08 

.242235 

8.48  1 

39 

.814411 

3.03 

.273139 

8.72 

40 

.808598 

3.08 

.242744 

8.47 

40 

.814598 

3.03 

.278662 

8.70 

41 

9.803T88 

3.08 

10.243252 

8.48 

41 

9.814775 

3.02 

t0.274184 

8.72 

42 

.803968 

3.08 

.243761 

8.48  1 

42 

.814956 

3.02 

.274707  8.72 

43 

.804153 

3.08 

.244270 

8.48  1 

48 

.815187 

8.03 

.275280 

8.72 

44 

.804388 

3.07 

.244779 

8.50 

44 

.815819 

3.02 

.275768 

8.73 

45 

.804522 

3.08 

.245289 

8.48 

46 

.815500 

3.02 

.276277 

8.73 

46 

.804707 

3.08 

.245798 

8.50  1 

46 

.815681 

3.02 

.276801 

8.73 

47 

.804892 

307 

.246308 

8.50 

47 

.815862 

3.03 

.277825  8.73 

48 

.805076 

3.08 

.246818 

8.52 

48 

.816044 

3.02 

.277849  8.75 

49 

.805261 

3.07 

.247329 

8.50  1 

49 

.816225 

3.02 

.878874  1  8.75 

,60 

.805445 

3.07 

.247839 

8.52 

50 

.816406 

3.02 

.878899 

8.75 

!51 

9.805629 

3.08 

10.248850 

8.52 

51 

9.816587 

3.00 

10.879434 

8.75 

52 

.805814 

3.07 

.248861 

8.52 

52 

.816767 

3.02 

.879949 

8.77 

63 

.805998 

3.07 

.2403?2 

8.52 

58 

.816948 

3.02 

.280476  8.75 

54 

.806182 

3.07 

.249883 

8.53 

54 

.817129 

3.02 

.881000  '  8.78 

55 

.806366 

3.07 

.250895 

8.53  ' 

1  55 

.817810 

8.00 

.281687  ;  8.77 

56 

.806550 

3.07 

.250907 

8.53 

56 

.817490 

3.02 

.98H)68  !  8.78 

57 

.806734 

3.07 

.251419 

8.55  1 

57 

.817671 

3.02 

.988880 

8.77. 

58 

.806918 

3.07 

.251932 

8.53 

58 

.817852 

3.00 

.888106 

8.80 

59 

.807102 

8.07 

.252444 

8.55 

59 

.818032 

3.02 

.288894 

8.TO 

60 

I  9.807286 

3.07 

10.252957 

8.55 

GO 

9.818213 

3.00 

10.864161 

8.80 

.438 


ANZ>  EXTBBNAX4  SECANTS 


70» 


^■ 

Vera. 

©.  r. 

T 

9.818218 

8.00 

1 

.818898 

3.00 

^ 

.818573 

3.02 

a 

.818754 

3.00. 

4 

.818884 

3.00 

& 

.819114 

3.00 

6 

.8192^ 

3.00 

7 

.819474 

3.00 

8 

.819054 

3.00 

9 

.819884 

3.00 

10 

.820014 

3.00 

11 

9.820194 

8.00 

19 

.820874 

2.98 

18 

.820553 

8.00 

14 

.820738 

3.00 

15 

.890918 

2.98 

16 

.821092 

3.00 

17 

.821272 

2.96 

1« 

.821451 

3.00 

19 

.821681 

2.96 

SJO 

.821810 

2.96 

^ 

9.821989 

2.96 

22 

.822168 

3.00 

23 

.8228^ 

2.98 

24 

.8^527 

2.98 

25 

.822706 

2.96 

26 

.822885 

2.96 

27 

.828064 

2.98. 

28 

.823248 

2.97) 

29 

.823421 

2.98: 

^ 

.883600 

2.98. 

ai 

9.883779 

2.98 

32 

.823958 

2.97 

38 

.824136 

2.98 

a4 

.82015 

2.97 

83 

.824493 

2.98 

36 

.824672 

2.97 

37 

.824850 

2.97 

88 

.826028 

2.98 

89 

.825207 

2.97 

40 

.825385 

2.97 

41 

9.825563 

2.97 

42 

.825741 

2.97 

43 

.826919 

2.97 

44 

.826097 

2.97. 

45 

.828275 

2.97 

40 

.826453 

2.97 

47 

.826031 

2.97 

48 

.826800 

2.97 

49 

.826987 

2.95 

ao 

.8^164 

2.97 

51 

9.8^7842 

2.96 

52 

.827619 

2.97. 

58 

.827697 

2.96 

34 

.897874 

2.97 

35 

.898002 

2.95 

56 

.8)8229 

2.95 

57 

.828406 

2.97 

58 

.898684 

2.95 
2.9B 

59 

.888761 

flO 

9.898988 

2.95 

B3C.  ^. 


10.284161 
.284689 
.285216 
.285745 
.286878 
.280809 
.287381 
.  .287860 
.288889 
.288919 
.280449 

10.289079 
.290510 
.291041 
.291672 
.292108 
.292685 
.298166 
.298698 
.294281 
.294764 

10.295296 
.295890 
.296863 
.296897 
.297431 
.29T965 

.298500 

.299034 

.299570 

.  .300105 

10.800641 
.801176 
.801713 
.802249 
.302786 
.808823 
.308800 
.304898 
.304986 
.305474 

10.306012 
.306551 
.307090 
.307629 
.306109 

'  .308708 
.309249 
.809789 
.810830 
.810871 

10.3U412. 
.811938 
.312495 
.318087 
.318580 
.814128 
.814065 
.815209 
.815758 

10.810890 


D.  r 


8.80 
8.78 
8.82 
8.80 
8.82 
8.82 
8.82 
8.82 
8.88 
8.88 
8.88 

8.85 
8.86 
8.85 
8.85 
8.87 
8.86 
8.87 
8.88 
8.88 
8.87 

8.90 

8.88 
8.90 
8.90 
8.90 
8.92 
8.90 
8.93 
8.92 
8.93 

8.92 
8.95 
8.98 
8.95 
8.05 
8.95 
8.97 
897 
8.97 
8.97 

8.98 
8.98 
8.98 
9.00 
8.98 
9.02 
9.00 
9.02 
9.02 
9.02 

9.02 
9.08 
9.03 
9.05 
9.03 

9.oe 

9.07 
9.05 
9.07 
9.07 


w 


0 

1 

2 
8 

4 
6 
6 
7 
8 
9 
10 

11 
18 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 
29 
80 

31 
82 
38 
34 

as 

86 
37 
38 
80 
40 

41 
42 

«3 

44 
45 
40 
47 
48 
49 
50 

51 
58 
53 
54 
55 
56 
57 
68 
59 
00 


Vew. 

D.  r. 

9.828088 

2.95 

.880115 

2.95 

.889899 

2.95 

.889460 

2.95 

.889046 

2.96 

.889823 

2.95 

.880000 

2.95 

.880177 

2.93^ 

.83(»53 

2.95* 

.880530 

2.93 

.880706 

2.95 

0.880688 

2.93 

.831060 

2.95 

.881286 

2.98 

.881412 

2.95 

.881589 

2.93 

.831766 

2.93 

.881941 

2.93 

.882117 

2.98 

.882293 

2.98 

.882469 

2.93 

9.882645 

2.98 

.882821 

2.98 

.832997 

2.93 

.888178 

2.93 

.838849 

2.93 

.883525 

2.92 

.838700 

2.93 

.833876 

2.92 

834061 

2.93 

.834227 

2.92 

9.884408 

2.93 

.884578 

2.92 

.834758 

2.98 

.834928 

2.93 

.835104 

2.92 

.885279 

2.98 

.835454 

2.92 

.835629 

2.92 

.8a')804 

2.92 

.835979 

2.92 

9.836154 

2.92 

.886329 

2.92 

.886504 

2.90 

.836678 

2.92 

.836858 

2.92 

.837028 

2.90 

.837802 

2.88 

.887877 

2.90 

.887551 

2.92 

.887726 

2.90 

9.887900 

2.92 

.888075 

2.90 

.888249 

2.90 

.888428 

2.90 

.838597 

2.90 

.888771 

2.90 

.888945 

2.90 

.830119 

2.90 

.889808 

2.90 

9.889467 

2.90 

10.316296 
.816840 
.817885 
.317929 
.818475 
.319020 
.819665 
.320111 
.320658 
.821204 
.821751 

10.322298 
.822845 
.823393 
.888941 
.884489 
.825038 
.825587 
.826136 


.827885 

10.397786 
.328336 
.828887 
.329438 
.829989 
.830541 
.331098 
.331645 
.882198 
.838750 

10.888804 
.388657 
.834411 
.884966 
.386680 
.886074 
.836629 
.387185 
.887741 
.838297 

10.838863 
.339410 
.339967 
.310524 
.341082 
.841640 
.342198 
.342756 
.343315 
.813875 

10.344434 
.344994 
.345554 
.846115 
.346670 
.317237 
.347798 
.348300 
.348928 

10.349485 


^m. 


TABLE  2CXVI.~L0aAKrrHMI0  VEBSBD  SINES 


72 

0 

/ 

Vera. 

D.l". 

Ex.  see. 

D.  r. 

o" 

9.889467 

2.90 

10.849485 

9.38 

1 

.889641 

2.90 

.360048 

9.88 

2 

.889815 

2.90 

.850611 

9.40 

8 

.839989 

2.88 

.851176 

9.38 

4 

.840162 

2.90 

.851788 

9.42 

5 

.840836 

2.90 

.352803 

9.40 

6 

.840510 

2.88 

.352867 

9.42 

7 

.840688 

2.90 

.863482 

9.42 

8 

.840657 

2.88 

.868997 

9.48 

9 

.841030 

2.90 

.864563 

9.48 

[0 

.841204 

2.88 

.865129 

9.48 

11 

9.84187? 

2.88 

10.855695 

9.43 

12 

.841550 

2.88 

.856281 

9.45 

13 

.841723 

2.88 

.866828 

9.45 

L4 

.841896 

2.90 

.857895 

9.47 

15 

.842ore 

2.88 

.857963 

9.47 

16 

.842248 

2.88 

.858531 

9.47 

17 

.842416 

2.88 

.359099 

9.48 

18 

.842589 

2.88 

.359668 

9.48 

19 

.842762 

2.87 

.360287 

9.48 

20 

.842934 

2.88 

.860806 

9.50 

n 

9.843107 

2.88 

10.861376 

9.50 

K 

.848280 

2.88 

.361946 

9.50 

23 

.848453 

2.87 

.362516 

9.52 

24 

.843625 

2.88 

.363087 

9.52 

25 

.848798 

2.87 

.863658 

9.52 

26 

.843970 

2.88 

.364229 

9.53 

27 

.844143 

2.87 

.364801 

9.58 

28 

.844315 

2.88 

.365373 

9.53 

29 

.844488. 

2.87 

.365945 

9.55 

» 

.844660 

2.87 

.366518 

9.55 

31 

9.844882 

2.87 

10  367091 

9.57 

£2 

.845004 

2.88 

.367665 

9.57 

33 

.845177 

2.87 

.868289 

9.57 

U 

.845349 

2.87 

.368818 

9.57 

15 

.845521 

2.87 

.369387 

9.58 

)6 

.845693 

2.87 

.369962 

9.60 

J7 

.845865 

2.87 

.870688 

9.58 

» 

.846037 

2.85 

.871113 

9.60 

»9 

.846208 

2.87 

.371689 

9.02 

10 

.846380 

2.87 

.872266 

9.60 

(1 

9.846552. 

2.87 

10.872842 

9.62 

12 

.846724. 

2.85 

.373419 

9.63 

IS 

.846895 

2.87 

.8';3997 

9.63 

14 

.847067 

285 

.874575 

9.68 

15 

.847238 

2.87 

.875158 

9.68 

16 

.847410 

2.85 

.875781 

9.65 

17 

.847581 

2.87 

.376310 

9.67 

18 

.847753 

2.85 

.876890 

9.65 

19 

.847924 

2.85 

.377469 

9.67 

)0 

.848095 

2.87 

.378049 

9.68 

Jl 

9.848267 

2.85 

10.378680 

9.67 

>3 

.848438 

2.85 

.379210 

9.70 

>3   .848609 

2.85 

.379792 

9.68 

)4 

.848780 

2.85 

.380873 

9.70  1 

:5 

.848951 

2.85 

.880955 

9.70  ! 

)6 

.849122 

2.85 

.881537 

9.72 

>7 

.849293 

2.85 

.882120 

9.72 

>8 

.849464 

2.83 

.882703 

9.72 

>9 

.849684 

2.85 

.888286 

9.78 

to 

9.849805 

2.85 

10.888870 

9.73 

78« 


Vera. 


0 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 

18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 

24 
25 
26 
27 
28 
29 
80 

81 
32 
88 
84 
86 
36 
37 
38 
39 
40 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
66 
67 
58 
59 
68 


9.849805 
.849976 
.850147 
.860817 
.850488 
.860668 
.850629 
.850999 
.851169 
.851840 
.851610 

9.861680 
.851860 
.852020 
.852190 
.862860 
.852580 
.852700 
.852870 
.858040 
.858209 

9.858379 
.858549 
.858718 
.858888 
.854057 
.854227 
.854896 
.854665 
.854785 
.854904 

9.855078 
.866242 
.855411 
.856580 
.865749 
.855918 
.856087 
.^J56256 
.856424 
.856598 

9.856762 
.856&90 
.857099 
.857207 
.857486 
.857604 
.857772 
.857941 
.858109 
.858277 

9.858445 
.858618 
.858781 
.858949 
.859117 
.859286 
.859458 
.859621 
.859788 

9.869956 


D.r. 


2. 

2. 


2. 
2. 
2. 


.86 
.86 
2.88 
2.85 
2.88 
2.85 
2.88 
2.83 
2.85 
2.88 
2.83 

2.88 
2.88 
2.88 
2.88 
2.88 
2.83 
2.88 
2.83 
2.82 
2.88 

2.83 
2.82 
2.83 
2.82 
.88 
.82 
.82 
2.88 
2.82 
2.82 

2.82 
2.82 
2.82 

2.82 
2.82 
2.82 
2.80 
2.82 
2.82 
2.82 

2.80 
2.82 

2.80 
2.82 
2.80 
2.80 
2.82 
2.80 
2.80 
2.80 

S.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.78 
8.80 
2.80 


Ex.  sec. 


10.388870 
.384454 
.886088 
.386623 
.886200 
.886794 
.887880 
.887967 
.888654 
.889141 
.880728 

10.890316 
.890905 
.891498 
.892062 
.892672 
.398262 
.893852 
.894443 
.895034 
.396625 

10.806217 
.896809 
.397402 
.897995 
.896689 
.399182 
.899777 
.400871 
.400966 
.401662 

10.402168 
.402754 
.406351 
.403948 
.404645 
.405143 
.405742 
.406840 
.406939 
.407588 

10.406189 
.408789 
.409640 
.409941 
.410548 
.411146 
.411747 
.412850 
.412954 
.418667 

10.414161 
.414766 
.4168n 
.415076 
.416688 
.4m89 
.417796 
.418408 
.  .419010 

10.419618 


D.l". 

"9.78 
9.78 
9.75 
9.77 
9.75 
9.77 
9.78 
9.78 
9.78 
9.78 
9.80 

9.82 
9.80 
9.88 
9.88 
9.88 
9.88 
9.86 
9.85 
9.86 
9.87 

9.87 

9.cx$ 

9.88 
9.90 
9.88 
0.92 
9.90 
9.9» 
9.98 
9.98 

9.98 
9.95 
9.96 
9.96 
9.97 
9.98 
9.97 
9.96 
10.00 
10.00 

10.00 
10.08 
10.08 
10.0» 

lo.oa 
lo.oa 

10.06 
10.07 
10.06 
10.07 

10.08 
10.08 
10.08 
10.10 
10.18 
10.10 
10.18 
10.13 
10.18 
10.18 


410 


AND  EXTERNAL  SECANT& 


74c 


Vers. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

81 
82 
83 
84 
85 
36 
87 
88 
38 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
66 
57 
58 
69 
60 


9.859956 
.860124 
.860291 
.860459 
.860626 
.860794 
.860961 
.861128 
.861296 
.861463 
.861680 

9.861797 
.861964 
.863131 
.862298 
.862465 
.862632 
.862799 
.862965 
.863132 
.868299 

9.863465 

.863632 
.863799 
.863965 
.804181 
.864298 
.864464 
.8(54630 
.864797 
.864968 

9.865129 
.865295 
.865461 
.865627 
.865798 
.865959 
.866124 
.866290 
.86C456 
.866622 

9.866787 
.866953 
.867118 
.867284 
.867449 
.867614 
.867780 
.867945 
.868110 
.868275 

9.868441 
.868606 
.868771 


.869100 
.869265 
.869480 
.869695 
.809760 
9.8699S4 


D.  1- 


2. 
2. 
2. 


2.80 
2.78 
2.80 
2.78 
2.80 
78 
,78 
,80 
2.78 
2.78 
2.78 

2.78 
2.78 
2.78 
2.78 
2.78 
2.78 


,77 
78 
,78 

,77 


2.78 

2.78 
2.77 
2.77 
2.78 
2.77 
2.77 
2.78 
2.77 
2.77 

2.77 
2.77 
2.77 
2.77 
2.77 
2.75 
2.77 

2.rr 
2.77 
2.75 

2.77 
2.75 
2.77 
2.75 
2.75 
2.77 
2.75 
2.75 
2.75 
2.77 


Ex.  sec. 


D.  r. 


2 
2 


75 
75 


2.75 
2.73 


2 
2 
2 
2 


75 
75 
75 
75 


2.73 
2.75 


10.419618 
.420226 
.420835 
.421445 
.422054 
.422664 
.423275 
.423886 
.424498 
.425110 
.425722 

10.426335 
.426948 
.427562 
.428176 
.428790 
.429406 
.480021 
.430637 
.431253 
.431870 

10.43;»188 
.433105 
.433724 
.434342 
.434961 
.435581 
.436201 
.436821 
.437442 
.438064 

10.488686 
.489806 
.439981 
.440554 
.441178 
.441802 
.442427 
.448062 
.448678 
.444%4 

10.444981 
.445558 
.446185 
.446813 
.447442 
.448071 
.448700 
.449380 
.449961 
.450592 

10.451223 
.451855 
.452487 
.453120 
.453754 
.454888 
.455 '22 
.455657 
.456292 

10.450928 


0.18 
0.15 
0.17 
0.15 
0.17 
0.18 
0.18 
0.20 
0.20 
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13.40 

60 

9.0171C5 

2.53 

10.677495 

14.46 

•t'id 


TABLE  XXV1.-L0GARITHMIC  VER8BD  SINKS 


80 

o 

/ 

Vers. 

D.  r. 

Ex.  sec. 

D.  r. 

0 

9,917166 

2.52 

10.677495 

14.45 

1 

.917816 

2.50 

.678862 

14.48 

2 

.917466 

2.50 

.679231 

14.50 

3 

.917616 

2.52 

.680101 

14.52 

4 

.917767 

2.50 

.680072 

14.66 

5 

.917917 

2.58 

.681845 

14.55 

6 

.918068 

2.50 

.682718 

14.58 

7 

.918218 

2.50 

.683593 

14.60 

8 

.918368 

2.50 

.684469 

14.62 

9 

.918518 

2.50 

.685346 

14.63 

10 

.9186G8 

2.50 

.686224 

14.67 

11 

9.918818 

2.50 

10.687104 

14.68 

12 

.918968 

2.50 

.687985 

14.70 

13 

.919118 

2.50 

.688867 

14.72 

14 

.919268 

2.50 

.689750 

14.73 

15 

.919418 

2.50 

.690634 

14.77 

16 

.919568 

2.50 

.691520 

14.78 

17 

.919718 

2.50 

.692407 

14.80 

18 

.919868 

2.50 

.698295 

14.83 

19 

.920018 

2.48 

.694186 

14.83 

20 

.920167 

2.50 

.695075 

14.87 

21 

9.920817 

2.48 

10.695967 

14.90 

22 

.920466 

2.50 

.696861 

14.90 

23 

.920616 

2..')0 

.097755 

14.  as 

24 

.920766 

2.48 

.608651 

14.95 

25 

.920915 

2.48 

.699548 

14.97 

26 

.921064 

2.50 

.700446 

15.00 

27 

.921214 

2.48 

.701346 

15.02 

28 

.921868 

2.48 

.702247 

15.08 

29 

.921512 

2.50 

.703149 

15.05 

80 

.921662 

2.48 

.704062 

15.08 

31 

9.921811 

2.48 

10.704957 

15.10 

32 

.921960 

2.48 

.705868 

15.18 

33 

.922109 

2.48 

,7WTn 

15.15 

34 

.922258 

2.48 

.707680 

15.17 

35 

.922407 

2.48 

.706690 

15.18 

86 

.922556 

2.48 

.709501 

15.22 

87 

.922705 

2.48 

.n0414 

15.23 

88 

.922854 

2.48 

.711328 

15.25 

39 

.923003 

2.48 

.712243 

15.28 

40 

.923152 

2.48 

.718160 

15.30 

41 

9.923301 

2.47 

10.714078 

15.33 

42 

.923449 

2.48 

.714996 

15.35 

43 

.923598 

2.48 

.715919 

15.37 

44 

.923747 

2.47 

.716841 

15  38 

45 

.923895 

2.48 

.717764 

15.42 

46 

.924014 

2.47 

.718689 

15.46 

47 

.924192 

2.48 

.719616 

15.45 

48 

.924341 

2.47 

.720643 

15.48 

49 

.924489 

2.47 

.7^21472 

16.52 

fiO 

.924037 

2.48 

.722408 

15.68 

51 

9.924786 

2.47 

10.728385 

15.55 

52 

.924934 

2  47 

.724268 

15.58 

53 

.925082 

2.48 

.725208 

15.00 

54 

.925231 

2.47 

.726139 

15.63 

55 

.925379 

2.47 

.727077 

15.65 

56 

.925527 

2.47 

.728016 

15.67 

57 

.925675 

2.47 

.728{>56 

15.70  1 

58 

.925823 

2.47 

.7^29898 

15.7:3 

59 

.925971 

2.47 

.730842 

15.73  1 

60 

9.926119 

J-.17 

10.731786 

15.78  1 

%v 

/ 
0 

Vers. 

D.r. 

Ex.  sec. 

D.r. 

9.926119 

2.47 

10.781786 

15.78 

1 

.926267 

2.47 

.788788 

16.78 

2 

.926416 

2.45 

.788680 

15.83 

8 

.926562 

2.47 

.734680 

15.68 

4 

.926710 

2.47 

.786680 

15.87 

6 

.926868 

2.47 

.786688 

16.00 

6 

.927006 

2.45 

.787486 

16.08 

7 

.927168 

2.47 

.788441 

16.06 

8 

.927801 

2.46 

.780896 

16.07 

9 

.927448 

2.47 

.740856 

16.00 

10 

.927696 

2.45 

.741816 

16.08 

11 

9.927748 

2.47 

10.748277 

16.08 

12 

.927801 

2.46 

.748880 

16.06 

13 

.928068 

2.46 

.744804 

16.08 

14 

.928186 

2.47 

.746160 

16.18 

15 

.928888 

2.45 

.746187 

16.18 

16 

.928480 

2.45 

.747105 

16.18 

17 

.928627 

2.45 

.748076 

16.20 

18 

.928774 

2.45 

.740048 

16.88 

19 

.928921 

2.45 

.780021 

16.25 

20 

.929068 

2.46 

.760006 

16.88 

21 

0.929215 

2.45 

10.761078 

16.80 

22 

.929362 

2.46 

.762951 

16.88 

28 

.929600 

2.45 

.758961 

16.86 

24 

.929666 

2.45 

.764012 

16.88 

25 

.929806 

2.45 

.766806 

16.42 

26 

.929950 

2.45 

.766880 

16.43 

27 

.980097 

2.43 

.757806 

16.47 

28 

.930248 

2.45 

.756864 

16.60 

29 

.980390 

2.45 

.759644 

16.62 

80 

.080687 

2.48 

.760686 

16.63 

81 

0.080688 

2.45 

10.761887 

16.68 

82 

.930680 

2.48 

.762628 

16.60 

38 

.980976 

2.46 

.768818 

16.68 

34 

.981128 

2.48 

.764815 

16.67 

85 

.031269 

2.45 

.766615 

16.68 

86 

.931416 

2.48 

.766616 

16.72 

87 

.981662 

2.43 

.767819 

16.73 

88 

.081708 

2.46 

.768888 

16.77 

89 

.081866 

2.48 

.769628 

16.60 

40 

.982001 

2.48 

.770687 

16.68 

41 

9.932147 

2.48 

10.771846 

16.87 

42 

.932298 

2.48 

.778868 

16.87 

43 

.932439 

2.48 

.778870 

16.98 

44 

.932586 

8.48 

.7748RR 

16.86 

45 

.932781 

2.48 

.775008 

16.07 

46 

.932877 

2.48 

.776080 

17.00 

47 

.988028 

8.43 

.777040 

17.08 

48 

.938109 

8.48 

.776061 

17.07 

49 

.933815 

8.42 

.770065 

17.08 

60 

.083460 

8.43 

.761010 

17.18 

51 

0.988606 

2.43 

10.788087 

17.18 

52 

.933752 

2.42 

.768065 

17.18 

53 

.933897 

2.48 

.764006 

17.80 

54 

.934043 

8.48 

.786188 

17.28 

55 

.934189 

8.42 

.766168 

17.87 

66 

.934834 

848 

.787106 

17.80 

57 

.934480 

8.42 

.7Baa6 

17.88 

58 

.934625 

8.48 

.TBn76 

17.36 

59 

n»4770 

8.48 

.790817 

17.40 

60 

9.034916 

8.42 

10.791361 

17.42 

AU 


TABLE  XXVI.— LOGASITHMIO  VERSED  SINES 


84 

o 

/ 

Vera. 

D.r. 

Ex,  sec. 

D.  r. 

0 

9.952052 

2.33 

10.932817 

22.40 

1 

.952193 

2.33 

.934161 

22.45 

8 

.952382 

2.35 

.935508 

22.52 

8 

.953473 

2.33 

.936859 

22.57 

4 

.952613 

2.33 

.088213 

22.62 

5 

.952758 

2.33 

.939570 

22.68 

6 

.952893 

2.33 

.940i)31 

28.75  i 

7 

.953038 

2.33 

.942296 

22.78  1 

8 

.953178 

2.33 

.943663 

22.85  , 

9 

.953313 

2.33 

.945034 

22.92 

10 

.953453 

2.33 

.946409 

22.97 

11 

9.958598 

2.33 

10.947787 

23.03 

V2 

.953732 

2.33 

.949169 

23.08 

13 

.953872 

2.33 

.950554 

23.15 

14 

.954012 

2.33 

.951943 

23.22 

15 

.954152 

2.32 

.953336 

23.27  ! 

16 

.954291 

2.33 

.954732 

28.33 

17 

.954431 

2.33 

.956132 

23.38 

18 

.954671 

2.32 

.957535 

23.46 

19 

.954710 

2.33 

.958942 

23.52 

20 

.954850 

2.32 

.960353 

23.57 

21 

9.954989 

2.33 

10.961767 

23.65 

22 

.955129 

2.32 

.963186 

23.70 

23 

.955268 

2.32 

.964608 

23.77 

24 

.955407 

2.33 

.966034 

23.82 

25 

.955547 

2.32 

.967468 

23.90 

26 

.956686 

2.32 

.968897 

23.95 

27 

.955825 

2.32 

.9703*1 

^.02 

28 

.955964 

2.32 

.9n775 

24.10 

29 

.956103 

2.33 

.973221 

24.15 

30 

.956243 

2.32 

.974670 

24.22 

31 

9.956382 

2.32 

10.976123 

24.28 

32 

.956521 

2.32 

.977580 

24.;>5 

33 

.956660 

2.32 

.979041 

24.42 

34 

.956799 

2.30 

.960506 

24.48 

35 

.956937 

2.32 

.981975 

24.55 

36 

.957076 

2.32 

.988448 

24.63 

37 

.957215 

2.32 

.984926 

24.08 

38 

.957354 

2.32 

J986407 

24.77 

39 

.957493 

2.30 

.987893 

24.8:3 

40 

.957631 

2.32 

.989888 

24.90 

41 

9.957770 

2.32 

10.990877 

24.97 

42 

.957909 

2.30 

.992375 

25.03 

43 

.958047 

2.;© 

.993877 

25.12 

44 

.958186 

2.30 

.995384 

25.18 

45 

.958324 

2.32 

.996895 

25.27 

46 

.958463 

2.30 

.998411 

25.33 

47 

.958601 

2.30 

.999931 

25.40 

48 

.958739 

2.32 

11.001455 

25.48 

49 

.958878 

2.30 

.002984 

25.52 

50 

.959016 

2.30 

.004617 

25.03 

51 

9.959154 

2.30 

11.006055 

25.70 

52 

.959292 

2.S2 

.007T>97 

85.78 

53 

.959431 

2.30 

.009144 

25.85  ' 

54 

.959569 

2.30 

.010695 

25.93 

55 

.959707 

2.30 

.012251 

26. OJ 

m 

.9o««5 

2.30 

.013811 

26.10 

57 

.959983 

2.30 

.015377 

26.17  1 

5S 

.900121 

2.30 

.01  (1947 

26.23  ' 

59 

.960259 

2M 

.oi^rai 

26.;]3 

•H) 

9.0(50397 

2.30 

11.020101 

20.40  . 

8«* 


Vers. 


0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 

ao 

31 
h2 
83 
34 
35 
86 
87 
38 
39 
40 

41 
42 
43 
44 
45 

47 
48 
49 
50 

51 
62 

53 
54 
55 
56 
57 
68 
59 
60 


9.960397 
.960585 
.960872 
.960810 
.960948 
.961086 
.961228 
.961361 
.961498 
,961636 
.961778 

9.961911 
.962048 
.962186 
.962328 
.962460 
.963597 
.962735 
.962872 
.968009 
.668146 

9.968388 
.968420 
.903557 
.963694 
.968881 
.963968 
.964104 
.964241 
.964378 
.964515 

9.964651 
.964788 
.964924 
.965061 
.965197 
.965384 
.965460 
.965607 
.965743 
.965879 

9.966016 
.966152 
.966288 
.966434 
.996560 
.966096 
.966882 
.966968 
.967104 
.967240 

0.967376 
.907612 
.967647 
.967788 
.967010 
.968054 
.968190 
.968326 
.968461 

9.968597 


D.  1'.  Ex.  seO. 


2.80 
2.28 
2.80 
2.30 
2.80 
2. 38 
2.80 


28 
30 
28 


2.30 

2.38 
2.30 
2.28 
2.28 
2.28 
2.c0 
2.28 
2.28 
2.28 
3.28 

2.38 
2.28 
2.28 
2.38 
2.28 
2.27 
2.28 
2.28 
2.38 
2.87 

2.38 
2.27 
2.28 
2.27 
3.38 
2.27 
2.38 
2.27 
2.27 
2.28 

2.37 
2.27 
2.27 
2.27 
2.37 
2.27 
2.27 
2,27 
2.27 
2.37 

2.37 
2.25 
2.3r 
2.37 
2. 25 
2.37 
2.27 
2.35 
2.27 
2.36 


11.020101 
.021085 
.038274 
.034868 
.026467 
.038071 
.029679 
.081293 
.082913 
.084536 
.036164 

11.097708 
.039488 
.041082 
.043783 
.044387 
.046047 

.oirns 

.049884 
.051060 
.052743 

11.064430 
.066138 
.057821 
.050585 
.061386 
.063961 
.064673 
.006399 
.068183 
.069871 

11.071616 
.073367 
.075184 
.076887 
.078666 
.060481 
.063313 
.064000 
.065704 
.067604 

11.069401 
.091314 
.008083 
.094860 
.006663 
.096583 
.100878 
.103330 
.104000 
.106067 

11.107830 
.109711 
.111508 
.113408 
.115804 
.117303 
.119319 
.121148 
.138074 

11.13SQ19 


D.l'. 

36.40 
36.48 
36  67 
26  65 
36.78 
36.80 
36.00 
26.98 
27.07 
27.13 
27.33 

37.38 
37.40 
37.50 
27.58 
37:67 
37.77 
37.85 
27.93 
38.03 
38.13 

38.32 
38,80 
38.40 
28.50 
28.60 
26.68 

28. -n^ 

38.88 
2P.98 
29.08 

29.18 
39.28 
29.38 
29.48 
29.58 
30.68 
29.80 
29.90 
30.00 
30.13 

30.92 
30.32 
30,43 
30.65 
30.67 
80.77 
80.87 
31.00 
81.13 
31.33 

81.35 
81.45 
31.68 
31.68 
81.82 
81.06 
33.0T 
S3.J8 
33.30 
83.48 


-.*© 


AND  EXTERNAL  8E0ANT6. 


86^ 


Vers. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
13 
13 
14 
15 
16 
17 
18 
19 
20 

21 
28 
23 
24 
25 
26 
27 
28 
29 
30 

31 

82 

33 

34 

35 

36 

37 

38 

39- 

40 

41 
42 
43 

44 
45 
46 
47 
48 
49 
60 

51 
53 
53 
54 
65 
66 
57 
58 
59 
60 


9.968597 
.968732 
.968868 
.969003 
.969138 
.969274 
.969409 
.969544 
.969679 
.969814 
.969949 

9.970064 
.970290 
.970864 
.970489 
.970624 
.970759 
.970694 
.971029 
.971164 
.971298 

9.971433 
.971568 
.971702 
.971887 
.971971 
.972106. 
.972240 
.972874 
.972609 
.972648 

9.97B777 
.972912 

.9mm 

.978180 
.978314 
.973448 
.973588 
.978716 
.978850 
.973084 

9.9f4118 
.974252 
.974366 
.974519 
.974658 
.974787 
.974920 
.976054 
.975188 
.976821 

9.975465 
.975588 
.975722 
.975855 
.975988 
.976122 
.976255 
.976888 
.976621 

9.976651 


D.  r. 


2.26 
2.27 
2.25 
2.25 
2.27 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 


8.27 
2.28 
25 
25 
25 
25 
2.25 
2.25 
2.23 
2.25 


8.25 
2.23 
2.25 
8.28 
8.25 
28 
23 
25 
28 


2.28 

2.25 
2.28 
2.23 
2.23 
2.23 
2.23 
2.23 
2.^ 
2.23 
2.23 

2.23 
2.23 
2.28 
2.23 
2.23 
2.22 
2.23 
8.28 
2.22 
2.28 

2.22 
2.23 
2.22 
2.22 
2.23 
2.22 
2.22 
2.22 
2.22 
2.23 


Ex.  see. 


D  1" 


11.135012 
.126968 
.128911 
.180878 
.182841 
.184818 
.136802 
.138795 
.140795 
.142808 
.144820 

11.146644 
.148877 
.160918 
.152968 
.156026 
.167092 
.159168 
.161253 
.168844 
.165446 

11.167666 
.169676 
.171806 
.178948 
.176090 
.178346 
.180418 
.182588 
.184778 
.186968 

11.169178 
.191387 
.198618 
.196847 
.198093 
.800847 
.202618 


.907176 
.809473 

11.811781 
.814101 
.216431 
.218773 
.821125 
.223490 
.226865 
.228253 
.280658 
.883068 

11.235486 
.287921 
.210368 
.^12828 
.245300 
.247785 
.250283 
.252793 
.255817 

11.257854 


32.43 
82.65 
82.70 
32.80 
32.95 
38.07 
88.22 
83.33 
38.47 
38.62 
38.73 

38.88 

34.02 

34.17 

34.30 

34.48- 

34.60 

34.73 

34.87 

35.03 

85.17 

35.33 
86.48 
35.63 
86.78 
85.98 
86.10 
86.27 
86.42 
36.58 
36.75 

36.90 
37.08 
37.25 
37.42 
37:68 
87.77 
87.93 
88.12 
38.28 
38.47 

36.67 
88.8E3 
39.03 
39.20 
89.42 
30.58 
39.80 
89.98 
40.18 
40.88 

40.68 
40.78 
41.00 
41.20 
41.42 
41.63 
41.83 
42.07 
42.28 
42.52 


8r 

/' 

0 

Vers. 

D.  r. 

Ex.  860. 

D.r. 

9.976664 

2.23 

11.257854 

42.52 

1 

.976788 

2.22 

.260405 

42.73 

2 

.976921 

2.28 

.262969 

42.95 

3 

.977054 

2.28 

.266546 

43.20 

4 

.977187 

2.22 

.268188 

43.42 

5 

.977320 

2.20 

.270748 

43.67 

6 

.977452 

^  •  ^"^ 

.278363 

43.88 

7 

.977586 

2.22 

.275996 

44.15 

8 

.977718 

2.22 

.278646 

44.88 

9 

.977851 

2.22 

.281306 

44.63 

10 

.977984 

2.20 

.283986 

44.88 

11 

9.978116 

222 

11.286679 

45.13 

12 

.978249 

2.22 

.289887 

46.38 

13 

.978382 

2.20 

.292110 

46.65 

14 

.978614 

2.22 

.294849 

45.92 

'  15 

.978617 

2.20 

.297604 

40.17 

>  16 

.978779 

2.22 

.300874 

46  45 

17 

.978912 

8.80 

.308161 

46.72 

18 

.979044 

2.22 

.306964 

47.00 

19 

.979177 

2.20 

.306784 

47.27 

20 

.^309 

2.28 

.311620 

47.66 

21 

9.979442 

2.20 

11.314478 

47.88 

23 

.979574 

2.20 

.817343 

48.13 

23 

.979706 

2.20 

.320831 

48.48 

24 

.979838 

2.20 

.323137 

48.72 

25 

.979970 

2.22 

.326060 

49.02 

26 

.980103 

2.20 

.389001 

49.33 

27 

.980235 

2.20 

.331961 

49.63 

28 

.960367 

2.20 

.334939 

49. 93 

29 

.980499 

2.20 

.337935 

50.27 

80 

.980631 

2.80 

.340961 

50.58 

81 

9.980768 

8.80 

11.348986 

50.92 

82 

.980805 

2.18 

.347041 

51.23 

83 

.881026 

2.20 

.360116 

51.68 

34 

.981158 

2.20 

.863210 

51.92 

85 

.981290 

2.20 

.356386 

52.^ 

36 

.961422 

2.20 

.369460 

52.62 

1  87 

.981554 

2.18 

.362617 

5^.95 

88 

.981685 

2.20 

.366794 

58.32 

39 

.081817 

2.20 

.868998 

58.68 

40 

.981949 

2.18 

.372214 

54.07 

41 

9.988060 

2.20 

11.375458 

54.42 

48 

.982212 

2.18 

.378738 

54.80 

48 

.982348 

2.20 

.388011 

55.20 

44 

.982475 

2.18 

.385323 

56.58 

1  45 

.962606 

2.18 

.388658 

55.97 

1  46 

.982737 

2.20 

.392016 

56.38 

47 

.982869 

2.18 

.395399 

56.80 

48 

.983000 

2.18 

.398807 

57.20 

49 

.983131 

2.18 

.402289 

57.62 

50 

.988262 

2.20 

.406696 

58.07 

51 

9.968894 

2.18 

11.409180 

58.48 

52 

.983625 

2.18 

.412669 

58.98 

58 

.963656 

2.16 

.416826 

59.38 

1  64 

.988787 

2.18 

.419788 

59.88 

1  55 

.983918 

2.18 

.428378 

60.28 

56 

.981049 

2.18 

.426996 

60.77 

57 

.984180 

2.18 

.430641 

61.25 

58 

.984311 

2.18 

.434316 

61.78 

59 

.984442 

2.18 

.488020 

62.22 

1  60 

9.984573 

2.17 

11.441763 

62.73 

^i 


TABLE  XXVI.— LOQAMTHMIC  VERSED  SIGNS  AND  EXTERNAL 

SECANTS. 


88 

• 

89« 

/ 

Vers. 

D.  r. 

Ex.  sec. 

q+l 

0 

Vers. 

D.r. 

Ex.  sec. 

6801 

0 

9.084573 

2.17 

11.441758 

'^ 

0.998354 

8.13 

11.750498 

1 

.984703 

2.18 

.445517 

9215 

1 

.992482 

2.15 

.757925 

ooeo 

2 

.084884 

2.18 

.449311 

9345 

8 

.992611 

2.13 

.765477 

7056 

3 

.984965 

2.18 

.453137 

9474 

8 

.992739 

2.15 

.773158 

7184 

4 

.985096 

2.17 

.456994 

9603 

4 

.998868 

2.13 

.780978 

7812 

5 

.985226 

2.18 

.460883 

9782 

5 

.992996 

2.13 

.788926 

7440 

6 

.985857 

2.17 

.4648a5 

9862 

6 

.993124 

2.15 

.797022 

7567. 

7 

.985487 

2.18 

468761 

9991 

7 

.993253 

2.13 

.805268 

7695 

8 

.985618 

2.17 

.472751 

♦  120 

8 

.993381 

2.13 

.813668 

7888 

■9 

.985748 

2.18 

.476775 

0249 

9 

.993509 

2.13 

.822280 

7950 

10 

.965879 

2.17 

.480834 

0378 

10 

.998637 

2.13 

.830956 

8078 

11 

9.986009 

2.18 

11.481920 

0507 

11 

9.998765 

2.15 

11.839858 

8806 

12 

.986140 

2.17 

.489061 

0686 

12 

.993894 

2.18 

.848940 

8888 

18 

.986870 

2.17 

.498280 

0765 

13 

.994022 

8.13 

.858211 

8460 

14 

.986400 

2.18 

.497487 

0694 

14 

.994150 

2.13 

.867679 

8588 

15 

.966581 

2.17 

.601688 

1028 

15 

.994278 

2.13 

.877851 

8715 

16 

.966661 

2.17 

.605968 

1158 

16 

.994406 

8.13 

.887289 

8843 

17 

.966791 

2.17 

.510298 

1281 

17 

.994534 

2.13 

.807350 

807t) 

18- 

.966921 

2.17 

.514600 

1410 

18 

.994662 

2.12 

.907697 

9097 

19 

.987051 

2.17 

.519060 

15R9 

19 

.994789 

2.13 

.918290 

9285 

20 

.987181 

2.17 

.523616 

1668 

20 

.994917 

2.18 

.929141 

9868 

21 

9.9a7311 
.987441 

2.17 

11.528010 

1797 

81 

9.995045 

2.13 

11.940264 

M79 

22 

2.17 

.532548 

1925 

22 

.995173 

2.13 

.961672 

9607 

28 

.987571 

2.17 

.537131 

2054 

•  28 

.995801 

2.12 

.968881 

9734 

24 

.987701 

2.17 

.541760 

2183 

24 

.995428 

2.13 

.975406 

9668 

25 

.987831 

2.17 

.546437 

2312 

25 

.995556 

2.12 

11.987r69 

QQflfi 

26 

.987961 

2.17 

.551161 

2140 

26 

.995688 

2.18 

12.000485 

4116 

27 

.988091 

2.17 

.555935 

2569 

27 

.995811 

8.18 

.018578 

0»1S 

28 

.988221 

2.15 

.560759 

2698 

28 

.995939 

2.12 

.027069 

0870 

29 

.988350 

2.17 

.565634 

2826 

29 

.996066 

2.12 

.040984 

0497 

80 

.968480 

2.17 

.570561 

2955 

80 

.996198 

2.18 

.055868 

0684 

81 

9.968610 

2.15 

11.573548 

3068 

81 

9.996321 

2.12 

12.0708U2 

0761 

82 

.988739 

2.17 

.580578 

3212 

32 

.996448 

2.18 

.086569 

0678 

33 

.988869 

2.15 

.585670 

3340 

33 

.996576 

2.12 

.101490 

1006 

84 

.988998 

2.17 

.590819 

3169 

34 

.996703 

2.12 

.118006 

1138 

85 

.989128 

2.15 

.596027 

3597 

35 

.996880 

2.12 

.185166 

1250  < 

86 

.989257 

2.17 

.601295 

3726 

1  86 

.996957 

2.13 

.168084 

1886 

37 

.989387 

2.15 

.606625 

3854 

37 

.997085 

2.18 

.171684 

1518 

38 

.989516 

2.17 

.612018 

3983 

88 

.997T312 

8.18 

.191066 

1640 

30 

.989646 

2.15 

.617475 

4111 

89 

.997339 

8.18 

.811896 

1767 

40 

.9897; 5 

2.15 

.622998 

4239 

40 

.997466 

8.18 

.832712 

1804 

41 

9.980904 

2.17 

11.628589 

4368 

41 

9.997393 

8.18 

18.856116 

8080 

42 

.990031 

2.15 

.634250 

4496 

42 

.997720 

8.12 

.2787^ 

8147 

48 

.990163 

2.15 

.689982 

4624 

48 

.997847 

2.13 

.808674 

8274 

44 

.990292 

2.15 

.645788 

4752 

44 

.997974 

2.13 

.880189 

8401 

45 

.990421 

2.15 

.651668 

4881 

45 

.998101 

2.18 

.858885 

8587 

46 

.990550 

2.15 

.657626 

5009 

46 

.998228 

8.18 

.888875 

8654 

4? 

.990679 

2.15 

.663663 

6137 

47 

.996355 

8.10 

.480666 

8781 

48 

.990808 

2.15 

.669781 

5265 

48 

.998481 

8.13. 

.456575 

8907 

49 

.990987 

2.15 

.675984 

5393 

49 

.SroniiUo 

8.18 

.498400 

8084 

60 

.991066 

2.15 

.682272 

5521 

60 

.996735 

8.12 

.585000 

8161 

61 

9.991195 

2.15 

11.688649 

5649 

51 

9.996868 

2.10 

18.660608 

8887 

52 

.991824 

2.15 

.605117 

5rr7 

52 

.998988 

2.12 

.682173 

S414 

63 

.991453 

2.15 

.701679 

5905 

58 

.999115 

2.10 

.600291 

8540 

54 

.991582 

2.13 

.708338 

6033 

54 

.999241 

2.12 

.757864 

8067 

55 

.991710 

2.15 

.715097 

6161 

1  55 

.999368 

2.10 

.886672 

8798 

56 

.991839 

2.15 

.721958 

6289 

56  ' 

.999494 

2.12 

18.989706 

8080 

57 

.991968 

2.18 

.728985 

6117 

67 

.999621 

2.10 

18.068774 

4046 

58 

.992096 

2.15 

.738002 

6545 

58 

,999747 

2.12 

.884991 

4172 

60 

.992225 

2.15 

.743192 

6673 

59  1 

.999874 

2.10 

.586148 

4809 

60 

9.992354 

2. IB 

11.750498 

6801 

60 

1 

10.000000 

2.10 

Inf.  pos. 

15.81*  ' 

15.30*. 

TABLE  XXVn.— NATURAL  SINES  AND  COSINES. 


"o 

o« 

.    1° 

2 

0 

3 

a 

4r   ^  1 

> 

Sine  Cosin 
.00000  One. 

Sine 
.01745 

Cosin 

^99985 

Sine 
.08490 

Cosin 

Sine 

Cosin 
.99863, 

Sine 
.06976 

Cosin 

.99939 

.05234 

.99756  60 

1 

.00029,  One. 

.01774 

.99984 

.03519 

.99938 

.05263 

.998611 

.07005 

.99754  59 

2 

.00058  One. 

.01803 

.99984 

.03548 

.99937 

.05292 

.998601 

.07034 

.997521  68 

3 

.00087  One. 

.01832 

.99983 

.03577 

.99930 

.05321 

.99858 

.0706.i 

.99?50  57 

4 

.00116  One. 

.01862 

.99983 

.03606 

.99935 

.05350 

.99857 

.07092 

.99748  56 

6 

.00145'  One. 

.01891 

.99982 

.03635 

.99934 

.05379 

.99855 

.07121 

.99746  55 

6 

.00175 

One. 

.01920 

.99982 

.03664 

.99933 

.05408 

.998541 

.07150 

.99744  54 

7 

.00204 

One. 

.01949 

.99981 

.03693 

.99932 

.U5437 

.99852' 

.07179 

.99742,  53 

8 

.00283 

One. 

.01978 

.99980 

.03723 

.99931 

.05466 

.99851! 

.07208 

.997401  52 

0 

.00262  One. 

.02007 

.99980 

.03752 

.99930 

.05495 

.99840 

.07237 

.99738  51 

lO 

.00291 

One.  ^ 

.02036 

.99979 

.03781 

.99929 

.05524 

.99847 

.07266 

.99736,50 

11 

.00820 

.99999 

.02065 

.99979 

.03810 

.99927 

.05553 

.99846 

.07295 

.99784!  49 

12 

.003491.99999' 

.02094 

.99978 

.03839 

.9992G 

.05582 

.99844 

.07324 

.99731148 

13 

.008781.99999 

.02123 

.99977 

.03868 

.99925 

.05611 

.99842 

.07353 

.99729;  47 

14 

.004071.99999 

.02152 

.99977 

.03897 

.99924 

.05640 

.99841' 

.07882 

.99727,  46 

15 

.00436!. 99999, 

.02181 

.99976 

.03926 

.99923 

.06669 

.99839 

.07411 

.99725!  45 

16 

.00465  .990991 

.02211 

.9997611.0.3955 

.99922 

.05698 

.99838 

.07440 

.99723,44 

17 

.00495  .99999 

.02240 

.999751  .03934 

.99921 

.05727 

.99636 

.07469 

.99721 

48 

18 

.00524;.  99999 

.02269 

.  99974 'i.  04013 

.99eift 

.05756 

.99884 

.07498 

.99719 

42 

19 

.00563  .99998 

.02298 

.9997411.04042 

.99918 

.05785 

.998S3| 

.07527 

.99716141  1 

20 

.00582  .99998 

.02327  . 99973 1 

.04071 

.99917 

.05614 

.99831 

.07556 

.99714 

40 

21 

.00611  .99998 

.02856 

.99972 

.04100 

.99916 

.05S44 

.99629 

.07585 

.99712 

89 

22 

.00640  .99998 

.02385 

.99972 

.04129 

.99915! 

.05873 

.99627 

.07614 

.99710 

38 

23 

.00669  .99998 

.02414 

.99971 

.04159 

.99913' 

.05902 

.99826 

.(•7643 

.99708 

37 

24 

.00698 

.999981 

.02443 

.99970 

.04188 

.99912; 

.05931 

.99624 

.07672 

.99705 

36 

25 

.00727 

.999971 

.02472 

.99969 

.04217 

.99911 

.05960 

.99822, 

.07701 

.W703 

85 

26 

.00756 

.99997 

.02501 

.99969 

.04246 

.99910 

.05989 

.99821, 

.07780 

.99701 

84 

27 

.00785 

.99997 

.02580 

.99968 

.04275 

.99909 

.06018 

.99819 

.07759 

.99699 

33 

28 

.00614  .99997 

.02560 

.99967 

.04304 

.99907 

.06047 

.99817 

.07788 

.99696 

32 

29 

.00844 

.99996 

.02589 

.99966 

.04333 

.99906  : .06076 

.99815 

.07817 

.99694 

31 

80 

.00873 

.99996 

.02618 

.99966 

.04362 

.99905 

.06105 

.99813, 

.07846 

.99692 

80 

81 

.00902 

.99996 

.02647 

.99965 

.04391 

.99904 

.06134 

.99812 

.07875 

.99689 

29 

32 

.00931 

.99996 

.02876 

.99964 

.04420 

.99902  .06163 

.99810 

.07904 

.99687 

28 

33 

.00960  .99995 

.02705 

.99963 

.04449 

.99901; 

.06192 

QQflAM 

.07983 

.99685 

27 

34 

.00989 

.99095 

.02734 

.99963 

.04478 

.99900 

.06221 

.99806 

.07962 

.99683126 

85 

.01018 

.99995i 

.02763 

.99962 

.04507 

.99898 

.06250 

.99804 

.07991 

.99680;  25 

36 

.01047  .99995 

.02792 

.99961 

.04586 

.998971 

.06279 

.99803 

.06020 

.99678  24 

87 

.01076  .99991 

.02821 

.999601 

.04565 

.99896  '.06308 

.99801 

.08049  .99676  23 

38 

.01105  .99994 

.02850 

.999591 

.04594 

.99894  ' .06337 

.99799 

.06078 

.99678'  22 

39 

.01134  .99994 

.02879 

.99959  i. 04623 

.99893  .06366 

.997J)7 

.08107 

.99671  21 

40 

.011641.99993 

.02908 

.90958 

.04653 

.99892^  .06395 

.99795 

.08136 

.99668,20 

41 

.01193 '.99993 

.02988 

.99957 

.04682 

.99890  .0641^ 

.99793 

.06166 

.99666119 

42 

.01222  .99993 

.02967 

.999561 

.04711 

.99889;  .06453 

.99792 

.06194 

.99664'  18 

43 

.01251  .99992 

.02996 

.99955 

.04740 

.99888|  .06482 

.997"90 

.08223 

.99661  17 

44 

.01280  .99992 

.08025 

.999541 

.04769 

.99886'  06511 

.99788 

.08252 

.99659  16 

45 

.01809  .99991 

.03054 

.999.^1  .04796 

.99885! 1.06540 

.99786 

.06281 

.99657;  15 

46 

.01838  .99991 

.a%83 

.999521  .04827 

.99883 

.06569 

.99r84 

.08310 

.99654'  14 

47 

.01867  .99991 

.03112 

.99952  1.04856 

.998821 

.06598 

.99782 

.08339 

.99662,  13 

48 

.01896  .99990 

.03141 

.999.51  1.04885 

.99881 

.06627 

.99780 

.08868 

.99649 

12 

49 

.01425  .99990 

.08170 

.99950  .04914 

.99879' 

.0665^ 

.99778 

.08397 

.99647 

11 

50 

.01454  .99989 

.03199 

.99949  .04943 

.99878 

.06685 

.99776 

.08426 

.99644 

10 

51 

.014a3  .99989 

.08228 

.99948 

L04972 

.99876 

.06714 

.99774 

.084.'>5 

.99642 

9 

52 

.01513  .99989 

.0;H:7 

.99947  .05001 

.99875,1.06748 

.99772 

.08484 

.99839, 

8 

53 

.01542  .99988 

.(fe2H6 

.99946 

.05030 

.99873 

.00773 

.99770 

.08513 

.99037 

7 

54 

.01571  .99988 

.03816 

.99945 

.05059 

.99872 

.06802 

.99768 

.08542 

.99635 

6 

56 

.01600  .99987 

.03345 

.99944 

.05088 

.99870  1  .06881 

.99766 

.08571 

.99632 

5 

66 

.01629  .99987, 

.03374 

.99943 

.05117 

. 99869 ij. 06860  .99764 

.08600 

.99630 

4 

57 

.01658  .99986 

.03403 

.99942 

.05146 

.99887  !  .06889  .99762 

.08629 

.99627 

8 

58 

.01687  .99986 

.03432 

.99941  '.06175 

.99866  1.06918  .99760 

.08658 

.99625 

2 

59 

.01716  .99985 

.08461 

.99940  ,.06205 

.99864,  .06947  .99758 

.08687 

.99622 

1 

60 

/ 

.01746  .99985 

.03490 
Cosin 

.99939 '.05234 

.998631  .06976  .997.56 
Sine  1  Cosin  |  Sine  i 

.08716 

.99619 
Sine 

0 

Cosin 

•  Sine  ! 

Sine  1 

■  Cosin 

Cosin 

8< 

88"»    '    W^        '    86» 

85» 

449 


TABLE  XXVn.— NATURAL  SINES  AND  COSINES. 


g 

6«> 

1    6"    1 

7<»    1 

1    8« 

S' 

9 

m 

Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin 

"O  ; .08716 

799619 

.10453 

.994521 

.12187 

.^ms 

.13917 

.99027 

'.1564:3 

.98769'  60  1 

1  , .08745 

.99617 

.10482 

.yVrxH 

.12216 

.99251 

.13946 

.99023 

.15672  .98764'  59 

2  .08774 

.99614 

.10511 

.99446 

.12245 ,.99248 

.18975 

.99019 

.157011.98760  58 

a,. 06803 

.99612 

.10540 

.99443 

.12274  .99244 

.14004 

.99015 

.15780  .98755  57 

4  .08831 

.99609 

.10569 

.99440 

.12302  .9d240 

.14033  .99011 

.157581.98751;  56 

6,. 08860 

-.99607 

.10597 

.99437, 

.123311. 99237 1 

.14061 

.99006 

1.15787  .98746  56 

6;. 08889 

.99604 

.10626 

.99434, 

.12360  .99233 

.14090 

.99002 

.168161.98741,  64 

7  ' .08918 

99602 

.10655 

.99431' 

.12389:. 99230 ! 

.14119 

.98998 

.158451.987371  58 

8  1 .08947 

.99599! 

.10684 

.99428 

.12418. 99226! 

.14148  .98994 

.15873  .98732  52 

9  .08976  .99596' 

.10713  .99424 

.12447  .99222 

.14177 

.98990 

i.  16902  .98728!  51  1 

10  .09005  .995(Mi 

.10742  .99421! 

.12476. 99219 

.14205 

.98986 

1 .16981 

.981^  60 

11 

.09084 

.99591 

.10771 

.99418 

.12504 '.99215' 

.14234 

.96982 

'.15969 

.98718  49 

12  .09063 

.99588 

.10800 

.99415 

.125331.99211 

.14263 

.98978 

1.16988 1.98714  48  1- 

13  1 .09092 

.99586 

.10829 

.99412 

.12562  .99208 

.14292 

.98973 

1.16017 

.98709  47 

14  1 .09121 

.99583 

.10858 

.99409 

.12591 

.99204 

.14820 

.98969 

.16046 

.98704  46 

15  .09150 

.99580 

.10887 

.99406. 

.12620 

.99200 

.14849 

.98965 

.16074 

.98700  45 

16  .09179 

.99578 

.10916 

.99402! 

.12649  .99197. 

.14878 

.96961 

1.16103 

.98695'  44 

17  ' .09208 

.99575 

.10945 

.99399: 

.126781.99193 

.14407 

.98957 

I .16182 

.9669Q  43 

18  .092371.99572 

.10973 

.99396  k 

•12706 
..12735- 

.99189 

.14486 

.96963 

1.16160 

.96686  42 

19  .09266  .99570 

.11002 

.9939:3 

.99186 

.14464 

.98948 

.16189 

.96681  41 

20  .09295 

.99567 

.11031 

.99890 

.12764 

.99182, 

.14493 

.98944 

.16218 

.96676  40 

21 

.09324 

.99564 

.11060 

.99386 

.12793 

.99178 

.14522 

.98940 

.16^46 

.98671  89 

22 

.09363 

.99562 

.11089  .99383; 

.12822 

.99175, 

.14551 

.96936 

.16875 

.96667:  38 

28 

.09382 

.99559 

.11118  .993801 

.12851 

.99171 ! 

.14580 

.98981 

.16804 

.96662'  87 

94 

.09411 

.99556 

.11147'. 993771 

.12880 

. 99167 i 

.14608 

.96927 

.16838 

.96667  86 

26 

.094401.99553 

.11176  .99374 

.12908 

.99163 

.14687 

.96923 

.16361 

.96662'  85 

26 

.09469 

.99561 

.11205 

.99370, 

.12937 

.99160 

.14666 

.98919 

.16390 

.98648  84 

27 

.09498 

.99648 

.11^4 

.99367 

.12966 

.991561 

.14695 

.96914 

.164191.98648:  38  1 

28 

.09527 

.99545 

.11263 

.99364! 

.12995 

.99152 

.14723 

.96910 

.16447 

.96688'  32 

29 

.09556 

.99542 

.11291 

.99360 

.1:3024 

.99148 

.14752 

.98906 

.16476 

.96683!  31 

ao 

.09585 

.99640 

.11320 

.99357, 

.13053 

.99144 

.14781 

.96902 

.16605 

.96629;  80 

81 

.09614 

.99537 

.11849 

.99854 

.18081 

.99141 

.14810 

.  «ffcN7< 

.16533 

.96624'  29 

32 

.09642 

.99584 

.11378 

.99a51 

.13110 

.99187 

.14838 

.96893 

.16562;. 986191  28 

88 

.09671 

.99531 

.11407  .99847 

.18139 

.99ia3 

.148671.98889 

1.16591  .96614  27 

34 

.09700 

.99528 

.11436  .99:^4 

.13168 

.9912^){ 

.14896 

.98884 

.16620 

.986091  26 

85 

.09729 

.99526 

.11465 

.998411 

.13197 

.99125 

.14925 

.98880 

{.16648 

.966041  25 

86 

.09758 

.99523 

.11494 

.99337, 

.13326 

.99122 

.14954 

.98876 

.16677 

.98600  24 

37 

.09787 

.99520 

.11523 

.99334 

.13254 

.•99118 

.14982 

.98871 

'.16706 

.96695  23 

88 

.09816 

.99517 

.11552 

.99331 

.13283 

.99114 

.15011 

.98867 

; .16784  .98690  22 

39 

.09845 

.99614 

.11580  .99327 

.13312 

. 99110 1 

.160401.96863 

; .16763  .98585  21 

40 

.09874 

.90511 

.11609 

.99824 

.18341 

.99106, 

.15069 

.06060 

1. 16792 i. 98560  90 

41 

.09903 

.99508 

.11638 

.99330' 

.18370 

.99102 

.15097 

.96854 

I.16620|. 98575  19 

42 

.09932 

.9950() 

.11667 

.998171 

.13899 

.99098, 

.15126 

.96649 

1.16849  .98570  18 

48 

.09961 

.99503 

1.11696 

.99314; 

.18427 

.99094, 

.151551.98845 

'.16878,. 96665 

17 

44 

.09990 

.99500 

1.11725. 99310 

.18456 

.99091 

.151841.98841 

1.16906 1.98661 

16 

45 

.10019 

.99497 

.11754 

•99307 

.13485 

.99087 

. 15212. 98a36 

.16985  .98566  15 

46 

.10048 

.9{)494 

.1178:3 

.9980:3 

.18514  .99083 

.15241 '.98832 

.16964  .96661;  14 

47 

.10077 

.99491 

.118121.99800 

.18543 

.99079, 

.15270  .96827 

.16992  .96546  18 

48 

.10106 

.99488 

.11840 

.99297 

.13572 

.99075] 

.15299,. 96823 

.17021  .98541,  12 

49 

.10135 

.99485 

.11869 

.99293 

.13600 

.99071 

.15327,. 96818 

.17050  .96586'  11 

50 

.10164 

.91M82 

.11898 

.99290. 

.13629 

.99067 

.15866  .98814 

. 17078 |. 96681  10 

51 

.10192 

.99479 

1.11927 

.99286 

.18658 

.990a3 

.15865  .96809 

.17107  .985261  0 

52 

.10221  .99476 

.liaV) 

.99283 

.13687  .99059! 

.15414;. 98805 

1.17136.98521  8 

5;^ 

.10250  .99478 

.119851.99279 

. 1371 6 i. 99055' 

.15442  .98^00 

.17164  .96516  7 

54  1 .102791.99470 

.120141.99276 

.13744  .99051, 

. 15471. 987«} 

1.17193  .98511  6 

65  .10:W8  .99467 

.12043 

.99272 

.18773  .990471 

.15500  .98791 

.17222  .98506  5 

«)  ,10*37  .994JU 

.12071 

.99269 

.13802  .99043, 

.15629  .98787 

.17260.98501  4 

57 

10366 '.99461 

.12100  .99265 

.13831  .99089 

.15557  .98782 

.17279  .98496  3 

58 

.103951.99458 

.12129  .99262 

.]:38(K)  .990:i5 

.15586  .98778, 

;. 17308  .98491   « 

69 

.10424. 99455 

.12158  .99258 

.18889. 990:31' 

.1.'615  .98773 

.17886  .9K48e  \ 

60 

.10463  .99452 

.12187  .99255 

.18917  .99027' 

.1.5643  .98769 

.17865  .98481  0 

/ 

Coain  1  sine 

Cosin  Sine 

Cosin ,  Sine 

Cosin 
8] 

Sine 

Cosin 

Sine 

t 

84* 

81 

!• 

82* 

[•    1 

Y 

««oiv; 


TABLE  XXVn.— NATURAL  SINES  ANP  COSXNEg. 


10° 

11°    t 

12° 

18°    1 

H° 

1 

/ 

Sine  Cosin 

Sine 
.19081 

Cosin 

.98163 

Sine  Cosin 
.80791 1.97815 

Sine 

Cosin 

Sine 

.24192 

Cosin 

"O  .  .173e5  ^98481 

.22495 

.97487 

.97030!  60 

1  i. 17393  .98476 

.191091.98157 

.80880  .97809 

.28523 

.97430 

.84880 

.97023  59 

2 

. 17422  . 98471  ; . 19188 : . 98152 

.20848  .97803 

.22552 

.97424 

.84241. 

,97015  58 

8 

.17451  .98466,  .19167;. 98146 

.20877  .9779'/ 

.28580 

.97417 

.34277 

.97008  57 

4 

.17479  .98461  1.19195 

.98140 

.20905  .97791 

.28608 

.97411 

.84305 

.97001156 

5 

.17506  .98455 

.19824 

.98135 

.20933  (.97784 

.88687 

.97404 

.843831:96994  55 

6 

.17537  .98460, 

.19262 

.98129 

. 20962 i. 97778 

.88665 

^07398 

.84362 

.96987  54 

7 

.17565  .98445 

.19881 

.96184 

.20990 

.9rm 

.28693 

.97391 

.24890 

.96960;  53 

8  .17594  .98440 

.19309 

.98118 

.21019 

.97786 

28728 

.97384 

.84418 

.96973,  52 

9  .17683  .98435 

.19338 

.98118 

.21047 

.97760; 

.88750 

.97878 

.84446 

,96966,  51 

10  .17651  .98430 

.19366 

.98107 

.21076 

.97754 

j 

.88778 

.97371 

.84474 

.96959 

60 

11  .17680 

.98425 

.19895 

.98101 

.21104 

.97748 

.82807 

.97365 

.84603 

.96952 

49 

la  .17708 

.98480 

.19423 

.98096' 

.81182 

.97742 

.88835 

.97368 

.84631 

.96945 

48 

13  .17737 

.98414 

.19452 

.96090; 

.21161 

.97735 

.88863 

.97361 

.84669 

.96937 

47 

14  .177;^ 

.9^109 

.19481 

.98084 

.21189 

.977891 

.88892 

.97845 

.84687 

.96930 

46 

15  .17794 

.98404 

.19509 

.98079 

.21218 

.97783 

.22980 

.97888 

.84615 

.96983145 

16  .17823 

.98399 

.19538 

.98073 

.21246 

.97717 

.22918 

.97881 

.84644 

.96916'  44 

17  .17852 

.98394 

.19566 

.98067 

.21275 

.97711' 

.28977 

.97885 

.84678 

.96909;  43 

18  .17880 

.98389 

.19595 

.98061 

.21303 

^Vij^Sr  ■ 

.83005 

.97818 

.84700 

.96002'  48 

19  .17909 

.98383 

.19623 

.98056 

.81331 

«ir^^^HP 

.83033 

.97811 

,84728 

.96894  41 

30 

.17937 

.98378 

.19652 

.98050, 

.21360 

.23062 

.97804 

.84756 

.96887  40 

SI 

.17966 

.98373 

.19680 

.96044' 

.81388 

.97686 

.23090 

.97898 

.24784 

.96680'  39 

22 

.17995 

.98368 

.19709 

.98039 

.21417 

.97680 

.83118 

.97891 

.24813 

.9^873138 

23 

.18023 

.98362 

.19787 

.98033 

.21445 

.97673: 

.83146 

.97284 

.24841 

.968681  37 

24 

.18052 

.9*357 

.19766 

.98087 

.21474 

.97667 

.83175 

.97878 

.24869;.  96*581  36 

25 

.18081 

.98352 

.19794 

.98081 

.21502 

.976611 

.83803 

.97271 

.24897 

.968511  85 

26 

.18109 

.98.347 

.10823 

.98016 

.21580 

.97655' 

.83831 

.97864 

.84925 

.96844134 

27 

.18138 

.98341 

.19851 

.98010 

.21559 

.97648 

.23860 

.«7257' 

.84954 

.96837  33 

28 

.18166 

.98336 

.10880 

.98004 

.21587 

.97642 

.23288 

.97251 

.34982 

.9682932 

29 

.18195 

.98331 

.19908 

.97998 

.21616 

.97636 

.23316 

.9?^44 

.35010 

.96822;  81 

30  .18224 

.98325 

.19937 

.97992 

.21644 

.97630 

.83345 

.97887 

.25038 

.96815 

30 

31  .18252 

.96380 

.19965 

.97987 

.21672 

.97683 

.83373 

.97330 

.25066 

.96807 

89 

32  .18281 

.96815 

.199W 

.97981 1 

.21701 

,97617! 

.83401 

.97883 

.85094 

.96800 

88 

as  1.18809  .98310 

.20022 

.97975 

.21729 

.97611 

.83489 

.97817 

.25122 

.96793  27 

34  ;. 18338  .98804  '.20051 

.97969 

.21758 

.97804 

.83458 

.97810 

.25151 

.96786,  26 

,S5  .188671.98899  .80079 

.97963 

.21786 

.97598 

.23486 

.97203 

.25179  .96778  25 

36  .18395;. 98294  1.20108 

.97958 

.21814 

.97592 

.83514 

.97196 

.85807  .96771  84 

37  .  18424 1. 98888 ';i. 20136 

.97952, 

.21843 

.97585 

.83548 

.97189 

,  .85835  .96764  23 

38  .18452  .98283  .20165 

.97946 

.81871 

.97579 

.83571 

.97182, 

,  .258631.967561  22 

39  .18481  .98277  1.80193 

.97940 

.81899 

.97573 

.83599 

.97176 

.852911.96749181 

40  .18609 

.98272  '  .20222 

.97934  1 

.21988 

.97566, 

.83687 

.97169 

.85320 

.96743 

80 

41  .18538 

.98267 

1.80850 

.97938 

.21966 

.97560' 

.83656 

.97162 

.26348 

.96734 

19 

42  .18567 

.98261 

1.20279 

.97922; 

.219*5 

.97553 

.23684 

.97155 

.85376 

.96727 

18 

43 

.18595 

.98256 

1.80307 

.97916: 

.28013 

.97547, 

.23718 

.97148 

.85404 

.96719  17 

44 

.18624 

.98250  1 .80336 

.97910! 

.23041 

.97541 

.23740 

.97141 

.85432 

.96712  16 

45 

.18652 

.98245 

1 .80864 

.97905 

.22070 

.97534 

.23769 

.971341 

,  .85460 

.96705  15 

46 

.18681 

.98240 

.80393 

.97899 

.22098 

.97528 

.23797 

.97127 

.85488 

.96697;  14 

47 

.18710  .98234! 

.80481 

.97893 

.22126 

.97521 

.23825 

.97120 

.25516 

:96690  13 

48 

.18738  . 98229 i 

.80450 

.97887; 

.22155 

.97515 

.23853 

.97113 

.255451.96682,  12 

49 

.  18767,.  9822?^ 

.80478 

.97881 

.22183 

-.97508 

.23882 

.97106 

.255731. 966751  11 

50 

.18795  .98218  :. 20507 

.97875 

1 

.88212  .97502 

.23910 

.97100, 

:  .856011.96667  10 

51 

.18824  .982121  .80535 

.97869 

.22240  .97496 

.23938 

.97093 

1.85629.96660  9 

52 

r. 18852  .98207  .20563  .97863] 

.22268  .97489 

.23966 

.9708() 

.  .25657  .96610  8 
,  .256*5  .mm^  7 

53 

.18881. 98201  .20592  .97857i 

.22297  .9748:5 

.23995 

.97079 

64 

.18910  .98196 1 1.80620:. 978511 

.22325  .97476 

.84083 

.97072 

'  .85713  .96638  6 

55 

.18938  .98190;  1.80649  .97&45, 

.28353  .97470 

.84051 

.97065 

1  .85741  .96630  5 

66 

.18967  .98185  '.20677  .97839 

.22382  .97463 

.84079 

.97058 

.25769  .96623  4 

57 

. 18995  . 98179  '  . 80706 . . 97833 

.22410  .97457, 

.841081.97051, 

1  .25798  .96615  3 

68 

.19084  .98174  .807341. 97827 i 

.28438  .97450, 

.84136 

.970441 

1  .2.5826  .96608  8 

59 

.19052  .981 68 ii  .207631.97821 

.22467  .97444 

.84164 

.97037; 

.85*54  .96600  1 

60 

. 19081  . 98163 1 i  . 20791 ; . 97815 

.28495  .9743^1 

.24192 

.97030 

.25882  .96593  0 

P 

Ck>sin 

Sine 

1  Cosin 

1 

Sine  ' 

1 

1  Cosin ,  Sine 

Cosin 

Sine  j 
J°    i 

;  Cosin  Sine 

1           / 

»  ■  I  - 

79°    1 

7( 

JO      1 

!   77°   1 

7( 

1    71 

1° 

•wA 


TABLE  XXVII.— NATURAL  SlNES  AND  COSINES. 


/ 

"o 

IS** 

16° 

17° 

1    18° 

19° 

/ 

Sine 

Cosin 

Sine  !  Cosin 
.27564  .96126 

Sine 

.29237 

Cosin 

1  Sine 
730902 

- 

Cosin 

1  Sine 
.82557 

Cosin 

.25882 

.96.5931 

.95630 

.95106 

.94552 

60 

1 

.25910;.  96585 

.27592  .96118 

.29265 

.95622  .30929 

.95097 

.32.584 

.94542!  59 

2 

.25938  .96578 

.27620  .96110 

.29293 

.956131  .30957 

.95088 

.32(512 

.945331  58 

3 

.25966  .96570 

.27648  .96102 

.29321 

.95605  .30985 

.95079 

.32639 

.94523 

57 

4 

.259941.96562 

.27676  .96094 

.29348 

".9.5596  .31012 

.95070 

'  .32667 

.94514 

56 

6 

.260221.96555 

.27704  .96086 

.29376 

.955881  .31040 

.95061 

.32694 

.94504 

55 

6 

.26050  .96547 

.27731  .96078 

.29404 

.95579  .31068 

.95052 

.32722 

.94495 

64 

7 

.26079  .96540 

.27759  -96070 

.29432 

.95571 

, .31095 

.95043 

.32749 

.944a5 

53 

8 

.26107  .96532 

.27787  .96062 

.29460 

.95562 

.31123 

.95033 

.32777 

.94476 

52 

9 

.26135  .96524 

.27815  .96054 

.29487 

.95654 

! .31151 

.a5024 

.32804 

.94466 

51 

10 

.26163  .96517 

.27843  .96046 

.29515 

.96645 

.31178 

.95015 

.32832 

.94457 

60 

11 

.26191 

.96509 

.27871  .96037 

.29543 

.95686 

i .81206 

.95006 

.32859 '.94447 

49 

12 

.26219 

.96502 

.27899 

.96029 

.29671 

.95528  .31233 

.94997 

.82887 

.94438 

48 

13 

.26247 

.96494 

.27927 

.96021 

.29599 

.955191  .31261 

.94988 

.82914 

.94428 

47 

14 

.26275 

.96486 

.27955 

.96013 

.29626 

.95511!  .312891.94979 

1.82942 

.94418 

46 

16- 

.26803 

.96479 

.27983 

.96005 

.29654 

.96502' 1.31316. 94970 

'.32969 

.94409 

46 

IG 

.26331 

.96471 

.28011 

.95997 

.29682 

.95493 

.31344  .94961 

.32997 

.94899 

44 

17 

.26359 

.96463 

.28039 

.95989 

.29710 

.95485  1  .31872 

.94962 

.33024!. 94390 

43 

18 

.26387 

.96456' 

.28067 

.95981 

.29737 

.95476  .31399 

.94943 

.33051 

.94880 

42 

19 

.26415 

.96448 

.28095 

.95972 

•129765 

.96467  1  .81427 

.94933 

!. 33079 

.94870 

41 

20 

.2644:3 

.96440; 

.28123 

.95964 

.29793 

.95459;  .31464 

.94924 

.38106 

.94861 

40 

21 

.26471 

.96433! 

.28150 

.95956 

.29821 

.96450!  .31482 

.94915 

.38134 

.94851 

89 

22 

.26500 

.96425: 

.28178!. 95048 

.29849 

.95441!  .81510 

.94906 

.38161 

.94842 

38 

23 

.26528 

.96417, 

.28206  .95940 

.29876 

.95433'  .31587 

.94897 

.8:3189 

.94832 

37 

24 

.26556 

.96410 

.28234  .95981 

.29904 

.954241  .31565 

.U4888 

'.83216 

.94322 

36 

25 

.26584 

.96402 

.282621.98823 

.29932 

.  95415  |i  .81598 

.94878 

.88244 

.94313 

36 

26 

.26612 

.90394! 

.28290  .95915 

.29960 

. 95407  i  .31620 

.94869 

.88271 

.94303 

84 

27 

.26640 

.96386 

.28318 '.95907 

.29987!. 95398,  .31648 

.94860 

.83298 

.&4293 

33 

28 

.26668 

.96379 

.28346  .95898 

.30015  .95389  1 .31675 

.94851 

.88826 

.94284 

82 

29 

.26696 

.96371 

.28374  .95890 

.30043  .95380; 

.31703 

.94842 

.83868 

.94274 

81 

30 

.26724 

.96363 

.28402  .95882 

.30071 

.95372 

.81730 

.94882 

.88881 

.94264 

30 

31 

.26752 

.96855 

.28429 1.95874 

.30098 

.96868 

.31768 

.94823 

.88406 

.94254!  29 

32 

.26780 

.96347 

.28457 

.95865 

.30126 

.95354  1 .31786 

.94814 

.88436 

.94245  28 

33 

.26808 

.96340 

.28485 

.95857 

.30154 

.95345  1 .81813 

.94805 

88468 

.942351  27 

U 

.26836 

.96332 

.28513 

.95849 

.30182 

.95837 

.81841 

.94795 

..88490 

.94225  26 

35 

.26864 

.963241 

.28541 

.95841 

.30209 

.95828 

.81868 

.94786 

.33518 

.94215  25 

36 

.26892 

.96316 

.28569 

.95832 

.80237 

.95319' 

.31896 

.94777 

.88645 

.94206  24 

% 

37 

.26920 

.96308 

.28597 

.95824 

.80265 

.95310 

.31923 

.94768 

.88578 

.94196  23 

38 

.26948 

.96301! 

.28625 

.95816 

.30292 

.95301 

.81951 

.»4758 

.88600  .94180;  23 

39 

.26976 

.96293 

.  28652  !.ft5807 

.80320 

.95293 

.31979 

.94749 

.88627 

.94176  21 

40 

.27004 

.96285 

1 

.28680  .95799 

.30348 

.95284 

.82006 

.94740 

.38655 

.94167  aO 

41 

.27032 

.96277 

.28708  .95791 

.80876 

.96275 

.32084 

.94780 

.33682  .941571  19 

42 

.27660 

.96269 

.28786  .95782 

.30403 

.95266 

.32061 

.94721 

!. 88710  .94147 

18 

43 

.27088 

.96261 

.28764 '.95774 

.80431 

.95257  1.32089 

.94712 

i. 38787 '.941 37 

17 

44 

.27116 

.9625:3 

. 28792 i. 95766 

.30459 

.95248  ; .32116 

.94702 

.83764;. 94127!  16  ! 

45 

.27144 

.96246 

.28820  .95757 

.80486 

.95240  1  .32144 

.94693 

l.33T92r. 94118 

15 

46 

.27178 

.96288 

.28847 

.95749 

.30514  .95231 

.3^171 

.94684 

i.  88819 1. 91106 

14 

47 

.27200 

.96230 

.28875 

.95740 

.30542  .95222 

.32199 

.94674 

.88ai6  .94098 

13 

48 

.27!d28 

.96222 

.28003 

.95732 

.305701.95213: 

.32227 

.94665 

.33874  .94068 

12 

49 

.271^ 

.96214 

.289311.95724 

.305971.95204 

.82254 

.94656 

88001  .94078 

11  ' 

50 

.27384 

.96206 

.28059  .9  ri5 

.30625 

1 

.95195 

.82282 

.9464U' 

.S3929  .94068 

10  1 

51 

.27312 

.96198 

.28987 

.96707 

.30653 

.951861 

.32309 

.94637 

.83966  .94058 

9  ! 

52 

.27340 

.96190 

.290151.95698 

.30680 

.95177 

.82887 

.94627 

.88963  .94019 

8  ! 

53 

.27368  .96182 

.29042  .95690 

.30708 

.95168 

.32364 

.94618 

.84011  .94039 

7 

54 

.27396  .96174 

.29070  .95681 

.30736 

.95159' 

.32392 

.94609 

1 .84038  .91029 

^  \ 

55 

.27424 1.96166 

.29098  .95673 

.30763 

.95150 

.32419 

.94599 

.84065  .94019 

5 

56 

.27452 '.96158 

.29126  .95664 

.30791 

.95142 

.32447 

.94690 

.84098  .94009 

4  , 

57 

.274801.96150 

.29154  .95656 

.30819 

.95133 

.32474 

.94580 

.84120. 93999 

3 

58 

.27508  .96142 

.29182  .95647 

.30846  .95124 

.82502 

.94571 

.84147. 98969 

2 

59  .27536  .96134 

.29209  .95639 

.30874  .95115  '  .82.529 1.94561 

.84175 1.98979 

1 

60  .27564  .96128 

.292371.95630 

.30902  .95106  ;.32557| 

.94552 

.84202  .99969 

^   1 

/ 

Cosin 

Sine 

o      1 

Cosin !  Sine 

Cosin ,  Sine  , 

Cosin 

Sine 

Cosin :  Sine 

1 

74 

7S 

;« 

73° 

71° 

70° 

453 


TABLE  XXVn.—NATURAL  SINES  AND  COSINES. 


"o 

20° 

21° 

22°    I 

28° 

24° 

/ 

Sine 
.34202 

Cosin 

Sine  Cosin 
.35837  93.358 

Sine 

Cosin 
.927181 

Sine  1 
.39073; 

Cosin 

Sine  Cosin 

.98M0 

.37461 

.92050 

.40674  .91855  60 

1 

.3422i)  .93959 

.35864  .93348 

.37488  .92707 

.39100  .92039' 

.40700  .91343  59 

2 

.34257 

.93W9 

.35891  .93337 

.37515  .92697 

.391271.92028 

.40727  .91331  58 

3 

.34284 

.93939 

.a')918  .93327 

.37&42  .92686 

.39153  .92016 
.39180  .92005 

.40753  .91319  57 

4 

.34311 

.93929 

.a5945  .93316 

.37569  .92675 

.40780  .91307  56 

5 

.34339 

.93919 

.35973  .93306 

.37595  .92664 

.39207  .91994 

.40806  .91295  55 

6 

.34366 

.93909 

.36000  .93295 

.37622  .92653! 

.39234. 91 982 

.40833  .91283  54 

7 

.34393 

.93899 

.36027  .93285 

.37649 

.92642 

.39260  .91971  i 

.40800  .91272  53 

8 

.ai421 

.93889 

.360M  .93274 

.37676  .92631! 

.392871.91959: 

.40886  .91260  52 

9 

.34448 

.93879 

.36081  .932W, 

.37703 

.92620 

.39314  .919481 

.40913  .91248  51 

10 

.34475 

.93869 

.36108,. 93253 

.37730 

.92609 

.89341 

.91936 

.40939  .91236  50 

11  .34503 

.93859 

.36ia5  .93243 

.37757;. 92598 

.39367 

.91925 

.40966 

.91224;  49 

12  .34530;. 93849 

.36162  .93232 

.877841.92587 

.39394 

.919141 

.40992 

.91212  48 

13  .a4557 1.93839 

.36190  .93222 

.37811. 92576 

.39421 

.919021 

.41019 

.91200  47 

14  .345841.93829 

.36217  .93211 

.37838;. 92565 

,39448  .91891 1 

.41045 

.91188  46 

15  1.34612 

.93819 

.36244  .93201 

.378651.92554 

.39474 

.918791 

.41072 

.91176.  45 

16  1.^6391.93809 

.36271 

.931901 

.37892  .92543 

.39501 

.91868; 

.41098 

.911641  44 

17  1.34666  .93799 

.36298 

.93180' 

.37919 '.92532 

.39528 

.91»>6; 

.41125 

.9115-i  43 

18  .346941.93789 

.  3(5325  j.  93169, 

.379461.92521 

.39555 

.91845; 

.41151 

.91140  42 

19  .34721  .93779 

.363521.93159' 

.37973. 92510 

.39581 

.9183:^ 

.41178 

.91128  41 

20  .34748 

.93769 

.363791.93148 

.87999,. 92499 

.39608 

.91822 

.41204 

.91116  40 

21  .34775 

.93759 

.36400'. 93137 i 

.88026 

.92488 

.39635 

. 91810 : 

.41231 

.91104  39 

22  ! .34803 

.93748 

.36434 

.93127 

.38053 

.92477 

.39661 

.91799 

.41257 

.91092  38 

23  .34830 

.93738 

.36461 

.93110 

.88060 

.92466 

.39688 

.91787 

.41284 

.91080,  37 

24 

.34857  .93728' 

.36488  .93106! 

.88107 

.92465 

.39715 

.91775 

.41310 

.910681  36 

25 

.34884 '.93718, 

.36515  .93095 

.38134  .92444 

.39741 

.91764 

.41387 

.91056  35 

26 

.34912,. 93708 

.86542  .93084 

i  .38161  .92482 

.39768 

.91752 

.41363 

.91044  34 

27 

.349391.93698 

1.866691.930741 

.38188  .92421 

.89795 

.91741 

.41390 

.91032  33 

28 

.34966  .93688 

.36696 1.93063 

.38215  .92410 

.39822 

.91729 

.41416 

.91020,  32 

29 

. 34993 i. 936771 

.36623  .93052 

■  .«8241'. 92399 

.39848 

.91718 

.41443 

.9UX)8;  31 

30 

.35021 [.936671 

.36650;. 93042 

1  .38268  .92388 

>          1 

.39875 

.91706 

.41469 

.90996;  30 

31 

.35048 

.936571 

.36677 

.93081 

i  .38295  .92377 

.39902 

.91694 

.41496 

.90984'  29 

32 

.35075. 93647; 

.36704  .93020 

.38322. 92366 

.39928:. 916^81 

.41522  .90972  28 

S3 

.35102  .93637 

,.36731  .93010 

.38349  .92365 

.39955 

.91671 

.41549  .90960  27 

34 

.361301.936261 

' .36758  .92999 

.38376!. 92343 

;. 39982 

.91660 

.41575  .90948  26 

35 

.35157  .93616 

.36785  .92988 

.38403  .92a32 

.40008 

.91648 

.41602  .90936125 

36 

.351841.93606 

.3(5812  .92978 

.3»480  .92321 

.40035 

.91686 

.41628  .90924  24 

37 

.35211'  935% 

.368391.92967 

I.  ;3»456 1.92310 

.40062 

.91625 

1.41655  .90911  23 

38 

.a'>239  .93585 

.36867  .92956 

.38483  .92299 

.40088 

.91613 

.41681 '.90899  22 

39 

.35266  .93575 

.36894;. 92945 

.38510  .92287 

.40115 

.91601 

.41707. 90887  21 

40 

.352931.93565 

.86921 

.92935 

1 

.38537  .92276 

.40141 

.91590 

.41784 

.908751  20 

41 

.  35320  :.9a555 

.36948 '.92924 

.38564  .92265 

.40168 

.91578 

.41760 

.90863'  19 

42 

.353471.93544 

.86975;. 92913 

.38591  .92254 

.40195 

.91566 

.41787 

.90851  18 

^ 

.353751.93534 

' .37002  .92902 

i  .386171.92243 

.40221 

.91555 

.41813  .90889  17 

44 

.3&402  .9^524 

.37029  .92892 

.38644  .92231 

.40248 

.91543 

' .41840  .90826  16 

45 

.85429  .93514 

.37056  .92881 

.38671  .92220, 

.40275 

.91531 

.41866  .90814  15 

46 

.35456  .93503 

.37083  .92870 

.38898;. 92209' 

.40801 

.91519 

.41892  .90802  14 

47 

.35484. 93493 

.37110  .92859 

.387251.92198 

.40828 

.91508 

.41919  .fK)790,  18 

48 

.35511  .93483 

.37137  .92849 

.38752 1.92186, 

.40355 

.91496 

.41945  .90778:  12 

49 

.35538  .9:3472 

.37164  .928381 

.38778  .92175! 

.40381 

.91484 

.41072  .90766:  11 

50 

.35565  .98462 

.37191 

.92827 

.38805  .92164 

.40408  .91472 

;. 41998 '.90753,  10 

51 

.36592  .93452 

.37218 

.92816 

.38832  .921 52 

.40434  .91461 

' .42024  .90741 

9 

1  52 

..35019  .93441 

.37345 

.92805 

.38859  .92141 

.40461  .91449 

, .42051  .90729 

8 

'  53 

.35647  .93431 

.37272 

.92794 

.88886  .92180 

.40488  .91437! 

.420771.90717 

7 

54 

.35674  .93420 

.37299 

.92784 

i  .88912  .92119 

.40514  .91425, 

.421041.90704 

6 

55 

.&'5701  .93410 

.37826 

.92773 

.38939  .92107: 

.40541  .91414; 

.42130.906921  5 

56 

.35728  .93400 

.37353 

.92762 

.88966  .92096: 

'.40567  .91402' 

.42150  .90680;  4 

67 

.36755,. 98389 

.37880 

.92751 

.88993  .92085 

! .40594  .913901 

.42183  .90668 

3 

68 

.367821.93379 

.37407 

.92740 

.89020  .92073 

.40621  .91378 

.4220J),.  90055 

2 

69 

.85810  .93868 

.37434 

.92729 

1 .39046  .92062 

.40647  .91366 

.422351.90643 

1 

60 

.36837  .93358 

.37461 

.92718 

.39073  .92050 

i  .40674  .9ia55 

.422621.90631 

0 

/ 

Cosin '  Sine  , 

,  Coaln 

Sine 

Cosin 
6' 

Sine 

.  Cosin  Sine 

Cosin ,  Sine 

1 

/ 

69" 

1   67 

»*> 

r° 

66° 

Ql 

)° 

^.ui 


TABLE  XXVn.— NATURAL  SINES  AND  COSINES. 


0 
1 
2 

3 
4 
5 
6 
7 
8 
9 
10 


11 
12 
13 


25' 


Sine  Cosin 


.42262 

.42288 

.42313 

.42341 

.423671 

.42394' 

.42420 

.42446 

.42473 

.42499 

.42525 


.42562 

.42578 
.42604 

14  ■  .42631 

15  ;  .42667 

16  1.42683 

17  .42709 

18  .42736 

19  :  .42762 

20  1.42788 

21  '  .42815 

22  1.42841 

23  1.42867 
W  .42894 
25  .42920 


.42946 
.42972 
.42999 
.43026 
.43051 

.48077 

.43104 
.43130 
.43156 
.43182 
.43209 
.43235 
.43261 
.4^3287 
.43313 

.48340 
.43366 
.43392 
.43418 
.43445 
.43471 
.43497 
.4:3523 
.43549 
.43575 

.43602 
.4:i628 
5ii  .43654 
54  .43680 
55 

m 

57 


26 
27 

28 
2{) 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 
46 

48 
49 
50 

51 
5i 


26« 


43706 
43733 
43759 

58  i  .437*5 

59  , .43811 

60  .43887 


.90631 
.90618 
.90606 
.90504 
.90582 
.90569 
.90557 
.90545 
.90.)32 
.90520 
.90507 

.90495 
.90483 
.90470 
.90458 
.90446 
.90433 
.90421 
.90408 
.90396 
.90383 

.90371 
.90358 
.90346 
.908M 
.90321 
.90309 
.90rJ96 

.9om 

.9  "271 
.90259 1 

.90246JI 

.90233 

.90221 

.90208 

.90196 

.90183 

.90171 

.90158 

.90146 

.90133 

.90120 

.90108 

.90095 

.90082 

.90070 

.90057 

.90045 

.90032  I 

.90019 

.90007 1 

.89994 

.89981 

.89968 

.89956 

.89943 

.89960 

.89918. 

.»)905l 

.89892! 

.89879 


Cosin  I  Sine 
64° 


Sine 

43837 
43863 
43889 
43916 
43942 
43968 
43994 
44020 
44046 
44072 
44098 

44124 

44151 

441771 

4420:3 

44229 1 

44255 

44281 

44307 

44333 

44359 

44385 

44411 

44437 

444&4 

44490 

445161 

44542 

44568 

44594: 

44620 

44646' 

44672 

44698 

44724 

44750 

44776 

44802 

44828 I 

44854 

44880 

44906 I 

44932! 

44958 

44984 

45010 

45036 

45062 

45088 

45114 

45140 

46166 
45192 
45218 
45243 
45269 
45295 
45321 
45347 
45373 
45399 

Cosin 


Cosin 

.89879 
.89867 
.89854 
.89841 
.89828 
.89816 
.89803 
.89790 
.89777 
.89764 
.89752 

.89799 
.897^6 
.89713 
.89700 
.89687 
.89674 
.89662 
.89649 
.89636 
.89623 

.89610 

.89597 

.89584 

.89571 i 

.89558, 

.89545 

.89532 

.89519 

.89506 

.89493 

.89480 
.89467 
.89454 
.89441 
.89428 
.89415 
.89402 
.89389 
.89376 
.89363 

.89850 
.89387 
.89324 
.89311 
.89298 
.89285 
.89272 
.89259 
.89245 
.89232 

.89219 
.89206 
.89193 
.89180 
.89167 
.89153 
.89140 
.89127 
.89114 
.89101 

Sine 


27< 


Sine 

745399 
.45425 
.45451 
.45477 
.45503 
.45529 
.45554 
.45580 
.45606 
.45632 
.45658 

.45684 
.45710 
.45736 
.45762 
.45787 
.45813 
.45839 
.45865 
.45891 
.46917 

.45942 

.45968 
.45994 
.46020 
.46046 
.46072 
.4^097 
.46123 
.46149 
.46175 

.46^01 
.46226 
.46252 
.46278 
.46304 
i  .46330 
, .46355 
.46381 
.4<>407 
.46433 

.46458 

.46484 

.46510 

.46536 

I .46561 

I .46587 

.46613 

.46639 

: .46664 

.46690 

.46716 
.46742 

'  .46767 
.46793 
.46819 

I  .46844 
.46870 
.46896 

, .46921 ' 
.46947' 


63< 


Cosin 

.89101 
.89087 
.89074 
.89061 
.89048 
.89035 
.89021 
.89008 
.88995 
.88981 
.88968 

.88956 
.88942 
.88928 
.88915 
.88902 
.88888 
.88875 
.88862 
.88848 
.88835 

.88822 
.88808 
.88795 
.88782 
.88768 
.88755 
.88741 
.88728 
.88715 
.88701 

.88688 
.88674 
.88661 
.88647 
.88634 
.88620 
.88607 
.88593 
.88580 
.88566 

.88553 
.88539 
.88520 
.88512 
.88499 
.88485 
.88472 
.88458 
.88445 
.88431 

.88417 

.88101 
.8aS9!) 
.8H-i77 
.88;36:3l 
.88:349 
.88:336 
.88:322; 
88:3081 
8829.5' 

Cosin  I  Slue 


28< 


Sine 

.46947 
I .46973 
.46999 
.47024 
.47050 
.47076 
.47101 
.47127 
.47153 
.47178 
.47204 

.47229 
.47255 
.47281 
.47306 
.47332 
.47358 
.47883 
.47409 
.47434 
.47460 

.47466 

.47511 
.47537 
.47562 
.47588 
.47614 
.47639 
.47665 
.47690 
.47716 

.47741 
.47767 
.47793 
.47818 
.47844 
.47869 
.47895 
.47920 
.47946 
.47971 

.47997 

.48022 
.48048 
.48073 
.48099 
.48124 
.48150 
.48175 
.48201 
.48226 

.48262 

.48277 

.48303 

.483281 

.4*354 1 

.4*379 

.48405 

.484*30 

.4S456 

.4H481 


Cosin ! 

788295, 

.88281 

. 88207 1 

.88254 

.88240 

.88226 

.88213 

.88199 

.88185 

.88172, 

.88158 

.88144 
.88130 
.88117 
.88103 
.88089 
.88075 
.88062 
.88048 
.88034 
.88020 

.88006 

.87993 

.87979 

.87965 

.87951 

.87937 

.87923 

.87909 

.87890' 

.87882, 

.87868' 

.87854, 

.87*401 

.87826 

.87'812 

.87798 

.877*4 

.87770 

.8rr56 

.87743 

.87729 
.87715 
.87701 
.87687 
.87673 
.87659 
.87645 
.87631 
.87617 
.87603 

.87589 
. 87575 
.87561 
.87546 
.87582 
.87518 
.87504 
.87490 
.87476 
.87462 


2d' 


Sine 


62« 

4o4 


Cosin]  Sine 
61^ 


.48481 

.48506 
.48532 
.48567 
.485*3 
.48608 
.48634 
.48669 
.48684 
.48710 
.48735 

.48761 
.48786 
.48811 
.48837 
.48862 
.48888 
.48913 
.48938 
.48964 
.48989 

.49014 
.49040 
.49066 
.49090 
.49116 
.49141 
.49166 
.49192 
.49217 
.49242 

.49268 
.49293 
.49318 
.49344 
.49369 
.49894 
.49419 
.49445 
.49470 
.49495 

.48681 
.49546 
.40671 
.49696 
.49622 
.49647 
.40672 
.40697 
.407S8 
.40748 

.49773 
.40708 
.49624 
.49649 
.49874 
.49699 
.49924 
.49960 
.40075 
.50000 

Cosin 


Cosin 

787462 

.87448 

.87434 
!  .87420 

.87406 
1.87391 
1.87377 

.87368 

.87349 

.87335 

.87321 

.87806 
.8?.J92 
.87378 
.87264 
.87250 
.87236 
.87221 
.87207 
.87193 
.87178 

.87164 
.87160 
.87186 
.87121 
.87107 
.87098 
.87079 
.87064 
.87050 
.87036 

.87021 
.87007 
.86993 
.86978 
.86964125 
.869491  24 
.86935  23 
.86921'  22 
.86906  21 
.86892  20 


8 


60  ^ 
59  ^-l 

58  ;j 

57 

56 

55 

64 

53 

52 

51  I 

60 

49  * 

48 

47 

46 

45 

44 

43 

42 

41 

40 

80 
38 
37 
36 
35 
34 
83 
32 
31 
30 

20 

28 
27 
26 


.86878 
.86863 
.86849 
.86884 
.86820 
.80805 
.86791 
.86777 
.86762 
.86748 

.86788 

.86719 

.86704 

.86690 

.86675 

.86661 

.86646' 

.86632 

.86617 1 

.86608| 

Sine" 


efy> 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

0 

8 

I 


J 


TABLE  XXVn.— NATURAL  SINES  AND  OOSlNEfl* 


'  ! 

IS 

l 

7 

8 

9 

10 

^11 

(  12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
26 
26 
27 
28 
29 

ao 

31 

d2 
d8 

34 
85 
36 
87 

38 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
60 

61 
62 
63 
64 
65 
b6 
67 
68 
69 
60 


80° 


Sine 

.50000 
-.50025 
.50050 
.50076 
.50101 
.50126 
.50151 
.50176 
.60201 
.50227 
.60252 

.50277 
.50302 
.50827 
.50852 
.60377 
.50403 
.50428 
.50453 
.60478 
.50603 

.50628 
.60663 
.50578 
.60603 
.50628 
.60654 
.60679 
.60704 
.50729 
.60764 

.50779 
.50604 
.60829 
.60864 
.50679 
.50904 
.50929 
.50954 
.60979 
.51004 

.61029 
.51064 
.51079 
.51104 
.51129 
.61154 
.51179 
.51204 
.51229 
.51254 

.61279 
.51304 
.61829 
.61364 
.51379 
.51404 
.51429 
.51454 
.61479 
.51604 


Cosin 


Cosin 

.86603 
.86588 
.80573 
.80559 
.86544 
.86530 
.86515 
.86501 
.86486 
.86471 
.86457 

.86442 
.86427 
.86413 
.86.398 
.86384 
.86:369 
.86:354 
.86340 
.86325 
.86310 

.86295 
.86281 
.86266 
.86251 
.86237 
.86222 
.86207 
.86192 
.86178 
.86163 

.86148 

.86133, 

.86119, 

.861041 

.86089 

.86074 

.86069, 

.86045 

.86030, 

.86015 1 

.86000' 

.86985 

.86970 

.86956' 

.85941 

.85926 

.85911 

.85896 

.85881 

.85866 

.86861 
.85836 
.85821 
.85806 
.85792 
.85777 
.86762 
.86747 
.86732 
.86717 

Sine 


81* 


590 


Sine 

Cosin 

.51504 

.85717 

.51529 

.85702 

.51554 

.85687 

.51579 

.85672 

.51604 

.85657 

.51628 

.85642 

.51663 

.a5627 

.51678 

.86612 

.61703 

.85697 

.51728 

.85582 

.51763 

.85567 

.51778 

.85661 

.51803 

.85536 

.51828 

.85521 

.51852 

.85606 

.51877 

.85491 

.51902 

.85476 

.51927 

.85461 

.61952 

.85446 

.51977 

.85431 

.52002 

.85416 

.52026 

.86401 

.52a51 

.85885 

.52076 

.85370 

.52101 

.86365 

.62126 

.85340 

.52151 

.65325 

.62175 

.85810 

.62200 

.85294 

.62225 

.85279 

.62250 

.66264 

.62275 

.85249 

.52299 

.85234 

.52324 

.»>218 

.52349 

.86203 

.52374 

.85188 

.52399 

.85173 

.52423 

.85157 

..52448 

.85142 

.52473 

.85127 

.52498 

.85112 

.52622 

.86096 

.52547 

.85081 

.62572 

.85066 

.52597 

.85051 

.52621 

.85035 

.62646 

.85020 

.59671 

.85005 

.52696 

.^989 

.62720 

.84974 

.62746 

.84959 

.62770 

.84943 

.62794 

.84928 

.52819 

.84913 

.52844 

.84897 

.62869 

.84882 

.62893 

.84866 

.62918 

.84851 

.62943 

.84836 

.62967 

.84820 

.52992 

.84805 

Cosin 

Sine 

6r 


82< 


Sine^ 

52992 

630171 

63041' 

68066 

53091 i 

58115 

53140 

68164 

53189 

53214 

53238 

68263 
63288 
53312 
63387 
63361 
63386 
63411 
63435 
68460 
58484 

63609 
63584 
63658 
53683 
53607 
63682 
68666 
63681 
63705 
63780 

58754 
53779 
63804 
63823 
53853 
53877 
53902 
63938 
63951 
53975 

54000 
54024 
54049 
M073 
54097 
64122 
64146 
54171 
54195 
54220 


Cosin 


54244 

54269 

64293 

54317 

64342! 

54366, 

54:3911 

54415! 

64440 1 

54464 


.84805' 

.84789 

.84774 

.84759 

.84743 

.84728 

.84712 

.84697 

.84681 

.84666 

.84650 

.84635' 

.84619; 

.846041 

.84588 

.84573 

.84657 

.84542 

.84.526 

.84511 

.84495 

.84480 
.84464 
.84448 
.84483 
.84417 
.84402 
.84386 
.84:370 
.84:355 
.84d8»- 

.84324 
.84308 
.84292 
.84277 
.84261 
.84245 
.84230 
.84214 
.84108 
.84182 

.84167 

.84151 

.841851 

.84120; 

.84104' 

.84088 

.84072 

.84057 

.84041 

.84025 

.84009 

.83994 

.83978 

.8:3962 

.839461 

.83980 

.&3915! 

.88899, 

.8:388:3 

.83867 


88< 


Sine  Cosin 

.83867 
.83851 
.83835 
.83819 
.83804 
.83788 


54464 
64488 
54513 
54537 
54561 
54586 
54610 
54635 
64659 
54683 
64708 

54732 

54756 

54781 

64806 

54829; 

64854' 

54878; 

54902! 

.')4927i 

54951 

54975 1 

54999 

56024 

650481 

65072! 

55097; 

5.5121 1 

55145, 

55169 ; 

55194 

56218 

55242 

,"55266 : 

55291! 

553151 

55339. 

55363 

55388 

55412 

55436 j 

55460 1 

55484 

65509 

5b533 

66567 

56581 

55605 

55630 

65654 

55678 

55702 

65726 
55750 
55775 
55799 
5582:3 
.55847 
56871 
55895 
55919 


84c 


Sine  Cosin 


Cosin  I  Sine  \   Cosin  Sine 


.83772 
.83756 
.8:3740 
.837^ 
.88708 1 

.83692! 

.83676 

.83660 

.83645 

.83629 

.83613, 

.83597 

.83581 

.83566 

.83549 

.88683 

.83517 

.88501 

.834a5 

.83469 

.83453 

.83437 

.8:«21| 

.8:3405, 

.83389 1 

.83373' 

.&S3,56 

.83340' 

.&3324! 

.a3.308 

.83292! 

.83276^ 

.8:3260 

.8:3244; 

.832281 

.88212! 

. 83195 ■ 

.831791 

.8:3163; 

.831471 

.83181! 

.83115! 

.88098 

.88082, 

.88066, 

.83060! 

.a3084: 

.83017, 

.83001 

.82985 

.82969 

.82953 

.82936 

.82920 

.82904 


.55919 
.65943 
.55968 
.5.5992 
.56016 
.56040 
.56064 
.56088 
.56112 
.56136 
.56160 

.56184 
.56208 
.56232 
.56250 
.66280 
.56305 
.56329 
.56353 
.56377 
.56401 

.56425 

.66449 
.56473 
.56497 
.56521 
.56545 
.56569 
..56593 
.56617 
.56641 

.66665 
.56689 
.56713 
.56736 
.56700 
.56784 
.56808 
.56832 
.56866 
.56880 

.56904 
.96928 
.66962 
.66976 
.67000 
.67024 
.57047 
.57071 
.57095 
.57119 

..57143 
.57167 
.67191 
.57215 
.572:38 
.67262 
.57286 
.67310 
.57334 
.57358 


.82904;  60 


69 

58 


.82887 
.82871 

.828.55  57 

.82839  56 

.82822  65 

.82806  64 

.82790  53 

.82773  .52 

.82757  51 

.82741.  60 

.82724'  49 

.82708  48 

.82692  47 

.82675  46 

.82659  45 

.82643  44 

.82026  43 

.82010  42 

.82593  41 

.82577  40 

.62561 '  39 
.82544  38 
.82528  37 
.82511  36 
.82495  35 
.82478  34 
.82462  33 
.82446  32 
.82429,  31 
.82413^  80 

.82396  29 
.82380  28 
.82363  27 
.823471  26 
.82330  25 
.82314'  24 
.82297  28 
.82281  22 
.82264  21 
.82248  20 

.82231  19 

.82214'  18 

.82198  17 

.82181  16 

.82165  15 

.82148  14 

.82132  18 

.82115  12 

.82098  11 

.82082  10 

.82065!  9 


67* 


66*= 


,82048 
.82032 
.82015 
.81999 
.81982 
.81<)65 
.81SM9 
.81932 
,81915 


4 

e 

2 

1 

0 


Cosin  Sine  . 
M*        i 


455 


TABLE  XXVII.-NATURAL  SINES  AND  COSINES. 


/ 

36*' 

36» 

37° 

88° 

39° 

Sine  Cosin 

Sine  Cosin 

.58779  .80902 

Sine 

Cosin 

Sine  CoBin 

Sine  Cosin 

/ 

"O  .57358  .81915 

.601^  .79864! 

.61566 

.78801 

1 

.62982  .77715 

60 

1  .57381. 81 899 

.58802  .808a5 

.60205  .79846! 

.61589 

.7878:3 

.62955. 77696!  59 1, 

2  .57405!, 818821 

.58826  .80867: 

.602281.79829 

.61612 

.78765 

.62977  .77678'  58  1 
.63000  .77660:  57 

3  .57429,: 81 865 

.58849  ,80850; 

.60251  .79811 

.61635 

. 78747 1 

4  .57453  .81848 

.58873  .80883 

.60274  .79793 

.61658 

.78729 

.63022 '.77641  56 

6  .57477 

.818321 

.58896  .80816 

.60298 

.79776 

.61681 

.78711 

.&3045  .77628  55 

6  i  .57501 

.81815 

.58920  .80799! 

.60821 

.79758 

.61704 

.78694 

.63068  .77606 

54  1 

7  ! .57624 

.81798 

.58948  .807821 

.60844 

.79741 

.61726 

.78676 

.63090  .77686 

53 

8  1 .57548 

.81782 

.58967 

.80765 

.60867 

.79728 

.61749 

.78658 

.63113  .77668 

52 

9 

.57572 

.81765 

.58990 

.80748 

.60890 

.79706 

.61772 

.78640 

.631351.77560 

61 

10 

.57596 

.81748 

.59014 

.80730 

.60414 

.79688 

.61795 

.786221 

.63158 

.77531 

50 

11 

.57619 

.81731 

.59037 

.80718 

.60487 

.79671 

.61818 

.78604' 

.68180 

.77513 

49 

12 

.57643 

.81714 

.59061 

.80696 

.60460 

.79658 

.61841 

.78586' 

.63203 

.77494 

48 

13 

.57667 

.81698 

.59084 

.80679 

.60483 

.79685 

.61864!.  78568 

.63225  .77476 

47  1 

14 

.57691 

.81681 

.59108 

.80662 

.60606 

.79618 

.618871.78550 

.63248  .77458'  46 

15 

.57715 

.81664 

.59131 

.80644 

.60529 

.79600 

.61909  .78582 

.68271  .77439  46 

16  : .57738 

.81647 

.59154 

.806271 

.60558 

.79588 

.61932  .78514 

.63298  .77421  44 

17 

.57762 

.81681 

.59178 

.80610! 

.60576 

.79665 

.61956 '78496 

.68816  .77402  43 

18 

.57786 

.81614 

.59201 

.80593. 

•.60599 

.79547 

.61978  .78478 

.68388  .77384  42 

19 

.57810 

.81597 

.59225 

.80576 

.60622 

.79580 

.62001  .78460 

.68861  .77366141 

20 

.57833 

.81580 

.59248 

.80558, 

.60646 

.79512 

.62024  .78442 

.63883  .77847  40 

21 

.57857 

.81563 

.59272 

.80641' 

.60668 

.79494 

.62046  .78424 

.68406  .77329  89 

22 

.57881 

.81546 

.59295 

.80524 

.60691 

.79477 

.62069  .78406 

.68428  .778101  38 

23 

.57904 

.81530 

.59318 

.80507 

.60714 

.79459 

.620921.78887 

.63461  .77292  37 

24 

.57928 

.81513 

.59842 

.80489 

.60788 

.79441 

.62115  .78369 

.63473  .77278  36 

25 

.57952 

.81496! 

.59:i6o 

.80472 

.60761 

.79424 

.62188  .78351 

.63496  .772551  36 

26 

.57976  . 81479 j 

.593891.80455 

.60784 

.79406 

.62160  .78888 

.686181.77286' 34 

27 

.57999  .81462 

.594121.80438 

.60807 

.79888 

.62188  .78815 

.63640  .77218  83 

28 

.58023  .81445 

.59486  .80420 

.60830 

,79871 

.622061.78297! 

.68563  .77199  82 

99 

".58047  .81428 

.594591.80403 

60858 

.79353 

.62229 

.78279 

.63586  .77181 181 

80 

.58070  .81412; 

.59482  .80386 

.60876 

.79335 

.62251 

.78261 

.68608  .77162;  80 

81 

.58094 

.81395! 

.59506  .8a368 

.60699 

.79318 

.62274 

.78248 

.68630 

.77144' 26 

32  1  .58118 

.81378 

.595291.80351 

.60922 

.79800 

.62297 

.78225! 

.63663 

.77125,28 

33  1 .58141 

.81361 j 

!  .59552. 803:34 

.60946 

.79282 

.62820  .78206 

.63675 

.?ri07i27 

34  i  .58165 

.81344; 

.59576  .80:31 6 

.60968 

.79264 

.62842  .78188 

.68698 

.77086126 

35  1.58180  .81327! 

.505991.80299 

.60991 

.79247 

.62365  .78170 

.63720!. 77070  25 

36  1.582121.81310 

1.596221.80282 

.61015 

.79229 

.62388  .78152 

.68742 

.77061  24 

37  i. 58236;. 81293! 

'.596461.80264 

.61088 

.79211 

.62411  . 78134 : 

.68766 

.77033  28 

38  .58260  .812761 

.59669  .80247. 

.61061 

.79198 

.62433 

.78116 i 

.68787 

.77014' 22 

39  .5828:5  .812591 

.59693  .80230 

.61084 

.79176 

.62466 

.78098 

.68810. 769961  21  I 

40 

.58307  .81242 

.59716 

.80212; 

.61107 

.79158 

.62479 

.780791 

.63832 

.76977  20 

41 

.58330  .81225 

.59739 

.80195 

.61180 

.79140! 

.62502 

.78061 

.68854 

.76959  19 

42  .58864 j. 81208 

.59763 

.80178 

.61168 

.79122' 

.62524 

.78043 

.63877 1.76940  18 

43  '.58378 1. 81191 

.59786 

.80160! 

.61176 

.79105 

.62547 

.78025 

.63899. 76921  17 

44  i  .58401  .81174 

.59809 

.801431 

.61199 

.79C87 

.62570 

.78007 

.68922  .76903  16 

45 

.56425!. 81157 

.59882 

.80125' 

.61222 

.79069 

.62592 

.77988 

.63944  .76884  15 

46 

.58449,. 81140 

.59666 

.80108 

.61245 

.79051 

.62615 

.77970 

.63966  .76866  14 

47 

.58472 

'•  8li28 ! 

.59879 

.800911 

.61268  .79033 

.62638 

.77952 

.68989  .78617  13 

48 

.58496 

.81^6 

.60902 

.80073 

.61291  .79016 

.62660!. 77984 

.64011  .76aa6  12 

49  1 .58519 

.81069 

.59926 

.80056 

.61 314  .78998 

.626831.77916 

.64038  .76810,  11 

50 

.58548 

.81072 

.59949 

.800881 

^     1 

.61387  .78980 

.62706 

.77897 

.64056. 767911  10 

1          t 

51 

.58567 

.81055 

.59972 

.80021 

.61860  .789d2' 

'.62728 

.77879 

.  64078 '.'4T6772  9 

52  ,  .58590 

.81038 

.59996 

80008^ 

.61383  .78944 

.627511.77861 

.64100  .76754  8 

53  .58614 

.81021 

.60019 

.79986 

.61406. 78926; 

.62774  .?r843 

.64123  .76735,  7 

54  .58687 

.81004 

.60042 

.79968 

.61429  .78908 

.  62796 1.7TR84 

.64146  .76717!  6 

55  .58661 

.80987 

.60065 

.79951 

.61451 

.78891 

.62819 

.77806 

.64167  . 76696 i  5 

56 '.58684 

.80970' 

.60089 

.79934 

.61474 

.78873 

.62842 

.77788, 

.64190  .76679  4 

57  ;  .58708 

.80953! 

.60112 

.79916 

.61497 

.78855 

.62864 

.rrreo 

.64212  .766611  8 

58  j  .58731 

.80986! 

.60135 

.79899 

.61520 

.78837, 

'.62887 

.77751 

.64234  .766421  3 

59  ' .58755 

.80919! 

.60158 

.79881 

.61548 

.78819! 

.62909 

.77738 

.(M256  .76623  1 

60  .58779 

.80902; 

.60182  .79864 

.61566 

.78801' 

.62982 

.77715 

.64279  .76604  0 

/ 

Cosin 

Sine 

Cosin  Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin ,  Sine 

/ 

54° 

68°    1 

5i 

• 

J° 

51* 

60° 

4UU 


• 

lTURAL  RmES  AND  COSINES. 

TABLE  XXVDL— Nj 

40» 

41«» 

42» 

43» 

440 

■  - 
60 

/ 

Sine 

CJosin 

Sine 
.65606 

Cosin 

Sine 

Cosin 
.74314 

Sine 

Cosin 

Sine  Cosin 
.69466  .71934 

"o 

.64879 

.76604 

.75471 

.66913 

^68200 

.73135 

1 

.64301 

.79686 

.65628 

.75452 

.66935 

.74295 

.68221 

.73116 

.694871.71914 

59 

2 

.61323 

.76567 

.65650 

.75433 

.66956 

.74276 

.68242 

.73096 

.69503 

.71894 

58 

8 

.64346 

.76548 

.65672 

.75414 

.66978 

.74256 

.68264 

.73076 

.6^529 

.71873 

57 

4 

.64368 

.76530 

.65694 

.75895 

.66999 

.74237 

.68285 

.73056 

.69549 

.71853 

56 

6 

.64390 

.76511 

.65716 

.75375 

.67021 

.74217 

.68806 

.73036 

.69570 

.71833 

55 

6 

.64412 

.76493 

.65738 

.75356 

.67043 

.74198 

.68327 

.73016 

.69591 

.71813 

54 

7 

.64435 

.76473 

.65759 

.75337 

.67064 

.74178 

.68349 

.7^2996 

.69612 

.71792 

53 

8 

.64457 

.764551 

.65781 

.75318 

.67086 

.74159 

.68370 

.72976 

.69633  .71772  52 

9 

.64479 

.76436 

.65803 

.75299 

.67107 

.74139 

.68891 

.729.57 

.69654  .71752!  51 

10 

.64501 

.76417 

.65826 

.75280 

.67129 

.74120 

.68412 

.72937 

.69675  .71732 

60 

11 

.64524 

.76896 

.65847 

.75261 

.67151 

.74100 

.68484 

.72917 

.69696  .71711 

49 

12 

.64546 

.76880 

.65869 

.75241 

.67172 

.74080 

.68455 

.72897 

.69717 

.71691 

48 

18 

.64568 

.76361 

.65891 

.75222 

.67194 

.74061 

.68476 

.72877 

.69787 

.71671 

47 

14 

.64590 

76842 

.65913 

.75203 

.67215 

.74041 

.68497 

.72857 

.69758 

.71650 

46 

15 

.61612 

.76328 

.66935 

.75184 

.67237 

.74022 

.68518 

.72837 

.69779 

.71680 

45 

16 

.64635 

.76304 

.65956 

.75165 

.67258 

.74002 

.68589 

.72817 

.69800 

.71610'  44 

17 

.64657 

.76286 

.66978 

.75146 

.67280 

.73968 

.68661 

.72797 

.69821 

.71590;  43 

18 

.64679 

.762671 

.66000 

.75126 

.67301 

.73968 

.68682 

.72777 

.69842 '.71569142 

19 

.64701 

.76248 

.66022 

.75107, 

.67323 

.73944 

.68608 

.72757 

.69662  .715491  41 

20 

.64723 

.76^29 

.66044 

.75088 

.67344 

.73924 

.68624 

.7273V 

.69688 

.71629 

40 

21 

.64746 

.76210 

.66066 

.75069 

.67366 

.78904 

.68645 

.72717 

.69904 

.71606 

89 

23 

.64768 

.76192 

.66088 

.75050 

.67387 

.78885 

.68666 

.726971 

.69925 

.71488 

38 

28 

.64790 

.76173 

.66109 

.75080 

.67409 

.73865 

.68688 

.72677 i 

.69946 

.71468 

37 

24 

.64812 

.761541 

.66131 

.75011 

.67430 

.73846 

.68709 

.72657; 

.69966 

.71447 

36 

25 

.64834 

.76185; 

.66153 

.74992 

.67452 

.78826 

.68780 

.72687 

.69987 

.71427 

35 

26 

.64856 

.76116; 

.66175 

.74973' 

.67478 

.78806 

.68751 

.72617! 

.70008 

.71407 

34 

27 

.64878 

.76097 

.66197 

-.74953, 

.67495 

.78787 

.687?2 

.72597 

.70029 

.n886 

33 

28 

.64901 

.76078 

.66218 

.74934 

.67516 

.78767 

.68793 

.72577 

.70049 

.71866 

32 

29 

.64923 

.76059 

.66240 

.74915 

.67588 

.73747 

.68814 

.72657 

.70070 

.71845 

31 

80 

.64945 

.76041 

.66262 

.74896 

.67559 

.78728 

.68835 

.72537 

.70091 

.71825 

30 

81 

.64967 

.76022 

.66284 

.74876 

'V  67580 

.78708 

.68857 

.72517 

.70112 

.71806 

29 

82 

.64989 

.76003 

.66306 

.74857 

.67602 

.73688 

.68878 

.72497; 

70132 

.71284 

28 

88 

.66011 

.75984! 

.66327 

.74*38 

.67623 

.73669 

.68899 

.72477! 

.70158 

.71264 

27 

84 

.65033 

.76965 

.66849 

.74818 

.67645 

.78649 

.68020 

.72457! 

.70174 

.71243 

26 

85 

.65055 

.75946 

.66871 

.74799 

.67666 

.78629 

.68941 

.72437} 

.70195 

.71223 

25 

86 

.66077 

.75927 

.66393 

.74780 

.67688 

.73610 

.68962 

.7241? 

.7C215 

.71203 

24 

87 

.65100 

.75906 

.66414 

.74760 

.677109 

.73590 

.68983 

.72397: 

.70236 

.71182 

23 

88 

.65122 

.76689 

.66436 

.74741 i 

.67730 

73570 

.69004 

.72377 

.70257 

.71162 

22 

89 

.66144 

.75870 

.66458 

.74722 

.67752 

.73551 

.69025 

.72357 

.70277 

.71141 

21 

40 

.65166 

.75851 

.66480 

.74703. 

.67773 

.78531 

.69046 

.72337 

.70298 

.71121 

20 

41 

.65188 

.75882 

.66501 

.74683; 

.67795 

.78511 

.69067 

.72817 

.70819 

.71100 

19 

42 

.65210 

.75813 

.66523 

.74664 

.67816 

.73491 

.69088 

.72297 

.70889 

.71080 

18 

48 

.65232 

.75794' 

.66545 

.74644 

.67837 

.73472 

.69109 

.72277 

.70860 

.71059 

17 

44 

.65254 

.75775 

.66566 

.746251 

.67859 

.73452 

.69130 

.72257 

.70381 

.71089 

16 

46 

.65276 

.75756; 

.66588 

.74606; 

.67880 

.73432 

.69151 

.72236 

.70401 

.71019 

15 

46 

.65298 

.75738 

.66610 

.74586! 

.67901 

.73413 

.69172 

.72216 

.70422 

.70998 

14 

47 

.65320 

.75719 

.66632 

.745671 

.67923 

.73393 

.69193 

.72196 

.70443 

.70978 

13 

48 

.65342 

.75700, 

.66653 

.74548 

.67944 

.73378 

.69214 

.72176 

.70463 

.70957 

12 

49 

.65364 

.75680 

.66675 

.74528 

.67965 

.73353 

.69285 

.78156 

.70484 

.70937 

11 

50 

.65886 

.75661 

.66697 

.74509! 

1 

.67987 

.73333 

.69256 

.72136 

.70505 

.70916 

10 

61 

.65408 

.75642 

.66718 

.74489! 

.68008 

.73314 

.69277 

.72116 

.70525 

.70696 

9 

62 

.65430 

.75623 

.66740 

.74470; 

.68029 

.73294 

.69298 

.72095 

.70546 

.70675 

8 

68 

.65452 

.75604 

.66762  .74451 1 

.68051 

.73274 

.69319 

.72075 

.70567 

.70855 

7 

64 

.65474 

.755a5 

.66783  .74431; 

.68072 

.78254 

.69840 

.72055 

.70587 

.70834 

6 

66 

.65496 

.756661 

.668051.74412' 

.68093 

.78234 

.69361 

.72035 

.70608 

.70813 

5 

66 

.66518 

.756471 

.66827  .74392 

.68115 

.73215 

.69882 

.72015 

.70628 

.70793 

4 

67 

.65540 

.75628, 

.66848;.  74373 

.681861.731951 

.69408 

.71995 

.70649 

.70772 

3 

68 

.65562 

.75609, 

.66870  .74358 

.68157  .73175 

i  .69424 

.71974 

.706701.70752 

2 

69 

.66684 

.75490 

.66891.. 74334 

.68179  .731.55 

1 .69445 

.71954 

.70690;. 70731 

1 

60 

.66606 

.75471 
Sine 

.66913  .74314 
Cosin  1  Sine 

.68200  .73135 
Cosin  Sine 

.69466 
Cosin 

.71934 

.70711 1.70711 

0 

/ 

Cosin 

Sine 

Cosin  1  Sine 

41 

F* 

48°   1 

-   4 

70 

4( 

50 

46» 

TABLE  XrVin.-;.NATtTRAri  TAKGENT&  AND  COTAxVGENTS. 


A 

0»          ! 

V            1 

1           2° 

8»           I 

^ 

/ 

Tang 

"^ooooo" 

Ootang 

Tangr 

.01746 

Cotang 

Tang 

.(^92 

Cotang 

Tangi  Cotang 

w 

"o 

Infinite. 

67.2900 

88.6863 

.05841 

19,0811 

60 

1 

,,00029 

8437.75 

.01776 

66.8606 

.03521 

88.8994 

.ossm 

18.9755 

59 

2 

.00058 

1718.87 

.01804 

65.4416 

.03550 

28.1664 

.05299 

18.8711 

58 

S 

.00087 

1145.99 

.01838 

64.6618 

.03579 

87,9372 

,05328 

18.7678 

57 

4 

,00116 

859.436 

.01868 

68.7086 

.03609 

87.7117 

.05357 

18.6656 

56 

5 

.00145 

687.549 

.01891 

52.8821 

.03638 

87.4899 

.05387 

18.6645 

55 

6 

.001 7'5 

572.957 

.01920 

52.0807 

.03667 

87.2715 

.05416 

18.4645 

54 

7 

.00204 

491.106 

.01949 

51.3032 

.03696- 

87.0666 

.05446 

18.8655 

53 

8 

.00233 

429.718 

.01978 

60.5485 

.03725 

86.8450 

.05474 

18.2677 

52 

9 

.00262 

881.971 

.02007 

49.8157 

.03754 

26.6367 

.05503 

18.1708 

51 

10 

.00291 

843.774 

.02086 

9 

49.1089 

.03788 

86.4816 

.06583 

18.0750 

60 

11 

.00330 

312.521 

.02066 

48.4181 

.08812 

86.8296 

.05568 

17.0608 

49 

12 

.00349 

286.478 

.02095 

47.7395 

.08842 

86.0307 

.05591 

17.8668 

48 

13 

.00378 

264.441 

.02124 

47.0853 

.03871 

85.8348 

.05080 

17.7984 

47 

14 

.00407 

245.552 

.02153 

46.4489 

.03900 

86,6418 

.05649 

17.7016 

46 

15     .00436 

329.182 

.02182 

45.8294 

.08929 

25.4517 

.05678 

17.6106 

45 

IG     .00465 

214.858 

.02211 

45.2261 

.03958 

35.2644 

.05708 

17.6805 

44 

17    .60495 

202.219 

.02240 

44.6386 

.08987 

35.0798 

.05787 

17.4814 

48 

18    .005^ 

190.984 

.02269 

44.0661 

.04016 

84.8978 

.05766 

17.8488 

4e 

19 

.00.553 

180.932 

.02298 

43.5081 

.0#46 
.01075 

84.7185 

.05795 

17.8568 

41 

30 

.00682 

171.885 

.02328 

42.9641 

84.5418 

.05884 

17.1608 

40 

2t 

.00611 

168.700 

.02357 

42.4835 

.04104 

84.8675 

.05864 

17.0837 

38 

22 

.00640 

156.259 

.02386 

41.9158 

.04133 

24.i957 

.05888 

16.9990 

38 

23 

.00689 

149.465 

.02415 

41.4106 

.04168 

84.0268 

.05918 

16.9150 

37 

U 

.00698 

143.237 

.02444 

40.9174 

.04191 

23.8593 

.05941 

16.8319 

86 

25 

.00737 

137.507 

.02473 

40.4358 

.04220 

23.6945 

.05970 

16.7496 

36 

26 

.00756 

132.219 

,02502 

39.9655 

.04250 

„a3.5321 

.05999 

16.6681 

34 

27 

.00785 

127.321 

..02531 

39.5059 

.04279 

28.8718 

.06089 

16.6874 

38 

28 

.00815 

122.774 

.02560 

89.0568 

.04808 

23.2137 

.06058 

16.6076 

38 

29 

.00844 

118.540 

.02589 

3ff.6177 

.04337 

83.0577 

.06087 

16.4883 

31 

30 

.00873 

114.689 

.02619 

38.1885 

.04866 

'82.9038 

.06116 

16.8409 

30 

31 

.00902 

110.899 

.02648 

37.7686 

.msM 

22.7519 

.06145 

16.8788 

189 

32 

.00931 

107.426 

.02677 

37.3579 

.04424 

22.6020 

.06175 

16.1968 

86 

33 

.00960 

104.171 

.02706 

36.9.560 

.04454 

22.4541 

.06204 

16.1190 

37 

34 

.00989 

101.107 

.02735 

36.5627 

.04483 

22.8081 

.06238 

16.0485 

06 

35 

.01018 

98.2179 

.02764 

36.1776 

.04512 

22.1640 

.06962 

15.9687 

es 

36 

.01047 

95.4895 

,02793 

36.8006 

.04541 

22.0217 

.06291 

15.8945 

di 

37 

.Olb7« 

92.9085 

.02823 

35.4313 

.04570 

21.8813 

.06881 

15.8311 

98 

38     .01105 

90.4633 

.02851 

35.0695 

.04509 

21.7426 

.06850 

16.7483 

82 

39 

.01135 

88.1436 

.02881 

34.7151 

.04628 

81.6056 

.06879 

18.-6768 

81 

40 

.01164 

85.9398 

.02910 

34.8678 

.04658 

21.4704 

.06408 

15.6048 

80 

41 

.01193 

83.8435 

.02939 

34.0273 

.04687 

21.8369 

.06487 

15.5840 

10 

42 

.01222 

81.8470 

.02968 

38.6935 

.04716 

21.2049 

.06467 

15,4688 

18 

43 

.01251 

79.9434 

.02997 

33.3662 

.04746 

81.0747 

.06496 

15.8948 

17 

44 

.01380 

78.1263 

.03026 

33.0452 

.04774 

80  9400 

.06525 

15.8854 

16 

45 

.01309 

76.3900 

.03055 

32.7303 

.04803 

20.8188 

.06554 

15,2571 

16 

46 

.01338 

74.7292 

.03084 

32.4213 

.04883 

20.69.38 

.06584 

15. 189^3    14 

47 

.01367 

73.1390 

.03114 

32.1181 

.04862 

20.5691 

.06613 

15.1289  118 

48 

.01396 

71.6151 

.OS143. 

31.8205 

.04891 

20.4465 

.06642 

16.0657    12 

49 

.01426 

70.1533 

.03172 

31.5284 

.04920 

20.82.53 

.06671 

14.9898 

li- 

jO 

.01455 

68.7501 

.03201 

31.2416 

.04949 

.80.2050 

.06700 

14.9814 

lt) 

51 

.01484 

67.4019 

.03230 

30.9$99 

.04978 

80.0872 

.06780 

14.8506 

0 

52 

.01513 

66.1055 

.03259 

30.6833 
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12.8014 

.09570 
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12.7536 

.00600 

10.4172 

.11364 
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12.6591 

.09658 

10.3538 

.11423 

8.75425 

.18195 

7.57872 

29 

82    .07929 

12.61^ 

.09688 

10. 32^^ 

.11452 

8.73172 

.132SW 

7.56176 

28 

33    .07958 

12.5660 

.09717 

10.2913 

'   .11482 

8.70081 

.13254 

7.54487 

2Rf 

34    .07987 

l;2.5199 

.09746 

10.2602 

.11511 

8.68701 

.13284 

7.52808 

2S 

85    .08017 

12.4742 

.09776 

10.2294 

.11541 

8.66482 

.13313 

7.51132. 

25 

36    .08046 

12.4288 

.09805 

10.1988 

.11570 

8.64275 

.13343 

7.49465 

2i 

37    .08075 

12.3838 

.09834 

lO.iGas 

.11600 

8.62078 

.13372 

7.47806 

23 

38    .08104 

12.3390 

.09864 

10.i:381 

.11629 

8.59893 

.1340^ 

7.46154 

22 

^9    .081^ 

12.2ft46 

.09893 

10.1080 

:  AV   ' 

8.57718 

.13432 

7.44609 

21 

10  .oeies 

12.2505 

.09923 

10.0780 

;   .11688 

8.55555 

.13461 

7.42871 

20 

(1     .0819S 

12.2067 

.09952 

10.0483 

.11718 

i  53402" 

.13491 

7.41340 

10 

[2    .06221 

12.1682 

.09981 

10.0187 

.11747 

8.51269 

.13521 

7.89616 

18 

3    .06251 

12.1201 

.10011 

9.989S1 

.11777 

8.491.28 

.13550 

.  7.37999 

17 

4     .06280 

12.0772 

.10040 

9.96007 

.11806 

8.47007 

.13580 

7.3e»389 

16 

5     .06300 

12.0346 

.10069 

9.93101 

.11836 

8.44896 

.13609 

7.34786 

15 

6     .08330 

11.9923 

.10099 

9.90211 

.11865 

8.42795 

.13639 

7.33190 

14 

7     .06368 

11.9504 

.10128 

9.87338 

.11895 

8.40705 

.13669 

7.31600 

13 

81   .06397 

11.9087 

.10158 

9.84482 

.11924 

8.38625 

.18«98 

7.30018 

12 

9     .08427. 

11.8673 

.lk)187 

9.81641 

.11954 

8.36555 

.13728 

7.28442 

11 

0    .0^456 

11.826* 

.10216 

9. 78817 

.11983 

8.34496 

.13738 

7.26873 

to 

1     .08486 

11.785S 

.10246 

8.76009 

.12013 

8.324IB 

.18787 

7.25310 

9 

i    .06514 

11.7448 

.10275 

9.73217 

.12043 

8.30406 

.13817 

7.28754 

8 

i     .08544 

11.7045 

.10305 

9.70441 

.12072 

8.28376 

.13846 

7.22204 

7 

t     .0H573 

11.6645 

.10334 

9.67680 

.12101 

8.26355 

.13876 

7.20661 

6 

^     .08608 

11.6248 

.10363 

9.64935 

.12131 

8.24;^ 

.13906 

7.19125 

5 

'r     .0663^ 

11.5a53 

.10393 

9.62205 

.12100 

8.22344 

.13936. 

7.17594 

4 

.06661 

11.5461 

.10422 

9.59490 

.12190 

8.20352 

.13065 

*7. 16071 

3 

i     .08690 

11  5072 

.10452 

9.56791 

.12219 

8.18;i70 

.13095 

'7.14553 

2 

.08730 

11.4685 

.10481 

9.54106  ' 

.12249 

8.16398 

.140»* 

7.13042 

1 

►    .08749 
Cotang  1 

11.4301 

.10510 
Cotang 

9. 514:^6  ' 

.12278 
Cotang 

8.14435 

.14054 

7.11537 

0 

Tang 

Tang 

Tang 

Cotang 

Tang 

/ 

8. 

bP 

1            8 

4«           1 

i        8a« 

82'' 

45U. 


TABLE  XXVIII.-NATURAL  TANGENTS  AND 


' 

go 

1        e'^ 

^           10° 

ll- 

-  / 

/ 

Tang 

.14054 

Cotan;? 

Tang 
.15838 

Cotang 

Tang 
.17633 

Cotang 

Tang 
.19438 

Cotang 

"o 

7.11537 
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.42002 

2.38084 

.44074 

2.26909 

18 

48 

.37986 

2.63252 

.39997 

2.50018 

.42036 

2.87891 

.44105 

2.26780 

12 

49 

.88020 

2.63021 

.40031 

2.49807 

.42070 

2.37697 

.44140 

2.26552 

11 

50 

.38053 

2.62791 

.40065 

2.4©597 

.42105 

2.87504 

.44175 

2.26874 

10 

51 

.88086 

2.62561 

.40098 

2.49386 

.42139 

3.37311 

.44210 

3.26196 

9 

52 

.38120 

2.62332 

.40132 

2.49177 

.42173 
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.44314 
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8 

53 

.38153 

2.62103 

.40166 

2.48967 
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2.36925 

.44379 
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7 

54 

.38186 

2.61874 

.40200 

2.48758 

.42242 
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.44314 

3.35663 

6 
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2.61646 

.40234 

2.48549 

.42276 
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.44319 
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5 

56 
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2.61418 

.40267 

248340 

.42310 

2.36349 

.44384 
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4 

57 
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.40301 

2.^132 

.42345 
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.44418 

3.35132 

8 

98 
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.40335 

2.47924 

.42379 
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.44453 

3.349^ 

2 

59 
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2.47716 

.42413 
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.48881 
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67 

4 
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2.23902 
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2.13801 

.48917 
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56 

5 
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.46808 

2.13639 

.48953 

2.04276 
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1.95557 

55 

6 

.44782 

2.23553 

.46843 

2.13477 

.48989 

2.04126 

.51173 

1.95417 

64 

7 

.44767 

2.23378 

.46879 

2.13316 

.49026 

2.03976 

.61209 

1.96277 

53 

8 
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.46014 

2.13154 
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52 

9 

.44837 
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.46950 
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51 

10 

.44872 
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11 
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2.12671 
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.51356 

1.94718 

49 

12 

.44942 

2.22510 

.47056 

2.12511 

.49206 

2.03227 

.51393 

1.94579 

48 

13 

.44977 

2.22337 

.47092 

2.12350 

.49242 

2.03078 

.51430 

1.94440 

47 

14 

.45012 

2.22164 

.47128 

2.12190 

.49278 

2.02929 

.61467 

1.94801 

46 

15 

.45047 

2.21992 

.47163 

2.12030 

.49316 

2.02780 

.51503 

1.94162 

45 

16 

.45082 

2.21819 

.47199 

2.11871 

.49351 

2.02631 

.61540 

1.94023 

44 

17 

.45117 

2.21647 

.47234 

2.11711 

.49387 

2.02483 

.51577 

1.93885 

43 

18 

.45158 

2.21475 

.47270 

2.11552 

.49423 

2.02335 

.51614 

1.93746 

42 

19 

.45187 

2.21304 

.47305 

2.11392 

.49459 

2.02187 

.51661 

1.93608 

41 

20 
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.47341 

2.11233 

.49495 
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.61688 

1.93470 
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21 

.45257 

2.20961 

.47377 

2.11075 

.49532 

2.01891 

.51724 
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39 

22 
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.47412 

2.10916 

.49568 
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.51761 
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38 

28 

.45327 

2.20619 

.47448 

2.10758 

.49604 

2.01596 

.51798 

1.93057 

37 

24 

.45362 

2.20449 

.47483 

2.10600 

.49640 

2.01449 

.51835 

1.92920 

36 

25 

.45397 
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.47519 

2.10442 

.49677 

2.01302 
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26 

.45432 
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.47555 
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.49713 
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.51909 
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34 

27 

.45467 
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.49749 
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38 

28 

.45502 
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.49786 

2.00862 
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1.92371 

32 

29 
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2.09811 
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2.00715 
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.46573 
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2.09654 

.49858 
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80 

31 
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.47733 
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.49894 
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32 

.45643 
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.47769 

2.09341 
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2.00277 

.52131 

1.91826 

28 

33 
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2.18923 

.47805 

2.09184 

.49967 

2.00131 
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.62205 

1.91554 

26 

35 
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2.18587 
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2.08872 
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.63769 

1.85979 

.56041 

1.78441 

17 

.58807. 

1.85850 

.56079 

1.78319 
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.68398 
.68292 
.68185 

.63079 
.62972 
.62866 
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1.68791 
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68 
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1.58693 

.67578 
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67 
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1.59620 

.65106 

1.53696 

.67620 

1.47885 
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66 

6 

.62669 

1.59517 
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1.47792 

.70288 

1.43374 

65 

6 

.62730 

1.59414 
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1.63400 
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1.47699 

.70281 

1.43286 

64 

7 

.62770 

1.50311 

.65281 

1.68802 

.67748 

1.47607 

.70825 
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68 

8 

.62811 

1.59208 

.65272 

1.63205 

.67790 

1.47514 

.70866 

1.43110 

62 

0 

.62852 

1.59105 

.65314 

1.53107 

.67882 

1.47422 

.70412 

1.43022 

61 

10 

.62802 

1.59002 

.65355 

1.53010 

.67875 

1.47880 

.70455 
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60 

11 

.62983 

1.68900 

.65307 

1.52913 

.87917 

1.47288 
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40 

12 

.62973 

1.58797 

.65438 

1.62816 

.67960 
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.70542 

1.41769 

48 

18 
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1.58695 
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1.52719 
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1.47053 

.70566 

1.41672 

47 

14 
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1.58593 

.65621 

1.62622 

.68045 

1.46962 

.70629 
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46 

16 

.63095 

1.58490 

.6.5563 

1.52525 

.68088 

1.46870 

.70673 

1.41497 

46 

16 
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1.58888 

.65604 

1.52429 
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1.46778 

.70717 
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44 
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1.68286 
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.70760 
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43 

181   .68217 

1.581^ 

.66688      1.52235  | 

.68215 

1 .46595 

.70804 

1.41286 

42 

19     .63258 

1.58063 

.65729 

1.62189  1 

.68258 

1.46503 

.70846 

1.41146 

41 

20 

.68299 

1.57981 

.66771 

1.62043 

.68801 

1.46411 

.70691 

1.41061 

40 

21 

.63840 

1.67879 

.65813 

1.61946 

.68343 

1.46820 

.70985 

1.40074 

80 

22 

.68880 

1.57778 

.65854 

1.51850 

.68:386 

1 .46229 

.70{»79 

1.40687 

88 

23 

.68421 

1.57676 

.66896 

1.51754 

.66429 

1.46i:37 

.71023 

1.40600 

87 

tM 

.6^462 

1.57575 

.65ft38 

1.51658 

.66471 

1.46046 

.71066 

1.40714 

86 

25 

.m^ 

1.57474 

.65980 

1.51662 

.66514 

1.45955 

.71110 

1.40627 

86 

26 

.63544 

1.57372 

.66021 

1.51466 

.68557 

1.458(W 

.71154 

1.40540 

M4 

27 

.63584 

1.57271 

.66063 

1.5i:370 

.68000 

1.45773 

.71196 

1.4(M54 

38 

28 

.63625 

1.57170 

.66105 

1.51275 

.68642 

1.45662 

.71242 

1.40367 

82 

29 

.63666 

1.57069 

.66147 

1.51179 

.68085 

1.45502 

.71285 

1.40281 

81 

30 

.63707 

1.56969 

.66189 

1.61064 

.68726 

1.45501 

.71829 

1.40196 

80 

81 

.68748 

1.56868 

.66280 

1.50968 

.68771 

1.46410 

.71373 

1.40109 

39 

82 

.63789 

1.567G7 

.(56272 

1.50803 

.68814 

1.46320 

.71417 

1.40022 

36 

33 

.63880 

1.50667 

.66314 

1.50707 

.68857 

1.45220 

.71461 

1.89986 

87 

84 

.63871 

1.56566 

.(56356 

1.50702 

.68iH)0 

1.45130 

.71505 

1.89650 

36 

85 

.63913 

l.r>6466 

.66398 

1.50607 

.68042 

1.45049 

.71549 

1.89764 

35 

86 

.63953 

1.56366 

.66440 

1.50512 

.68985 

1.44958 

.71693 

1.89679 

»4 

87 

.63994 

1.56265 

.66482 

1.50417 

.60028 

1.44866 

.n687 

1.89593 

3» 

88 

.64035 

1.56165 

.665^ 

1.50382 

.69071 

1.44778 

.71661 

1.39507 

33 

80    .64076 

1.56065 

.66566 

1.50228 

.69114 

1.44688 

.71725 

1.89431 

81 

40 

.64117 

1.65966 

.66608 

1.60133 

.69157 

1.44596 

.71769 

1.89836 

80 

41 

.64158 

1.55866 

.66650 

1.50038 

.69200 

1.44508 

.71813 

1.89350 

19 

42 

.64199 

1.55766 

.66692 

1.49944 

.69243 

1.44418 

.71857 

1.39165 

16 

43 

.64!W0 

1.55666 

'    .667'34 

1.49649 

.69286 

1.44329 

.71901 

1.89079 

17 

44 

.64281 

1.55567 

.66776 

1 .49755 

.69329 

1.442:39 

.7I94(r 

1.86994 

16 

45 

.6432-2 

1.55467 

.60818 

1.49661 

.69372 

1.44149 

.71990 

1.86909 

15 

46 

.643()3 

1.55368 

.06860 

1.49566 

.(59416 

1.440(50 

.720:34 

1.88834 

14 

47 

.ft44()4 

1.55269 

.66902 

1.49472 

.69459 

1.43070 

.?i078 

1.887'38  il3 

48 

.(U446 

1.55170 

.66044 

1.49378 

.69502 

1.43681 

.72122 

1.88663 

12 

49 

.64487 

1.55071 

.66086 

1.49284 

.69545 

1.43792 

.72167 

1.88568 

11 

50 

.64528 

1>54972 

.67028 

1.49190 

.69568 

1.43703 

.72311 

1.86464 

10 

51 

.64569 

1.54873 

.67071 

1.49097 

.69631 

1.43614 

.72355 

1.86809 

9 

52 

.64610 

1.54774 

.67113 

1.49003 

.69675 

1.43525 

II   .72299 

1.38814 

8 

53 

.64652 

1.54675 

.67155 

1.48909 

.69718 

1.43436 

!   .72844 

1.8885» 

7 

54 

t    .64693 

1.. 54576 

.67197 

1.48816 

.69761 

1.43347 

•'   .72888 

1.88145 

6 

53 

.    .64734 

1.64478 

.67239 

1.48722 

.60804 

1.43258 

.72432 

1.88060 

5 

5(i 

;    .64775 

1.54379 

.67282 

1.48629 

,     .60647 

1.431(50 

.71J477 

1.87076 

4 

51 

'     .64817 

1.54281 

.(57324 

1.48536 

1   .(50891 

1.43060 

!    .72521 

1.37891 

3 

5^ 

\    .64858 

1.5418:3 

.67:306 

1.48442 

.60934 

1.42992 

.72565 

1.87807 

2 

5S 

>    .64899 

1.54085 

.67409 

1.48349 

.(50077 

1.42903 

.72610 

1.87722 

1 

6C 

[    .64941 

1.53086 

.67451 

1.4K2.V) 

.70021 
Cotang 

1.42815 
Tang 

.?^554 
Cotang 

1.87688 
Tang 

0 

Cotang 

1   Tang 

CJotang  1    Tang 

67° 

1 

16° 

66" 

1'          64° 

Am 
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86' 

Tang 
.72664 

Cotang 

0 

1.87688 

1 

.72699 

1.37554 

» 

.72743 

1.37470 

8 

.7«788 

1.87386 

4 

.72832 

1.87302 

ft 

.72877 

1.37218 

6 

.72921 

1.87184 

7 

.72966 

1.37050 

6 

.78010 

1.36967 

9 

.78055 

1.36883 

10 

.73100 

1.36800 

11 

.78144 

1.86716 

IS 

.78189 

1.36683 

18 

.73834 

1.36549 

14 

.78878 

1.86466 

1ft 

.78323 

1.3&<)83 

16 

.78868 

1.36800 

17 

.78413 

1.86217 

18 

.78457 

1.86134 

19 

.78602 

1.36051 

HO 

.735*7 

1.35968 

SI 

.78592 

1.85685 

ft2 

.73637 

1.85802 

98 

.78881 

1.85719 

d4 

.78726 

1.85037 

S5 

.78771 

1.85554 

06 

.78816 

1.86472 

a7 

.73861 

1.85389 

^ 

.73906 

1.85307 

29 

.78951 

1.35224 

80 

.78996 

1.85142 

81 

.74041 

1.85060 

dS 

.74066 

1.84978 

88 

.74131 

1.84896 

84 

.74176 

1.84814 

^ 

.74221 

1.84782 

88 

.74«67 

1.84650 

87 

.74812 

1.84568 

86 

.74867 

1.84487 

89 

.74402 

1.34405 

40 

.74447 

1.34823 

41 

.74492 

1.34842 

4Si 

.74588 

1.34160 

48 

.74583 

1.34079 

44 

.74628 

^.33998 

46 

.74674 

1.83916 

46 

.74719 

1.38885 

47 

.74764 

1.83754 

48 

.74810 

1.33673 

49 

.74856 

1.38592 

50 

.74900 

1.38511 

51 

.74940 

1.88480 

52 

.74991 

1.33849 

53 

.75037 

1.33268 

54 

.75082 

1.38187 

55 

.75128 

1.83107 

56 

.75178 

1.33026 

57 

.75219 

1.82946 

58 

.76864 

1.32865 

59 

.75810 

1.88785 

60 

.76865 
Cotang 

1.82704 

/ 

Tang 

» 

8° 

87*>           I 

Tang 
.75855 

Cotang 

1.32704 

.75401 

1.32684 

.75447 

1.82544 

.75492 

1.32464 

.75588 

1.82384 

.76584 

1.88804 

.75629 

1.32824 

.75675 

1.82144 

.75721 

1.82064 

.75767 

1.81964 

.75812 

1.31904 

.75868 

1.81885 

.75904 

1.31745 

.75950 

1.81666 

.75996 

1,81566 

.76042 

1.31607 

.76088 

1.31427 

.76134 

1.81348 

.76180 

1.31269 

.76226 

1.31190 

.76272 

1.31110 

.76818 

1.81081 

.76364 

1.80952 

.76410 

1.80873 

.76456 

1.80795 

.76602 

1.80716 

.76548 

1.80687 

.76694 

1.80558 

.76640 

1.30480 

.76686 

1.80401 

.76783 

1.80883 

.76779 

1.80844 

.76885 

1.80166 

.76871 

1.80087 

.76918 

1.30009 

.76964 

1.89981 

.77010 

1.89853 

.77057 

1.89775 

.77103 

1.89696 

.77149 

1.29618 

.77196 

1.29641 

.77842 

1.89463 

.77289 

1.29385 

.77335 

1.29307 

.77382 

1.29229 

.77428 

1.29152 

.77475 

1.29074 

.77521 

1.28997 

.77568 

1.88919 

.77615 

1.28842 

.77661 

1.28764 

.77708 

1.28887 

.77754 

1.28610 

.77801 

1.28583 

.77848 

1.28456 

.77895 

1.28379 

.77941 

1.28302 

.77988 

1.28825 

.78085 

1.28148 

.78082 

1.28071 

.78129 

1.27994 

Cotang 

Tang 

d 

««»■             1 

88« 


Tang 


.78129 
.78175 
.78882 
.78869 
.78316 
.78863 
.78410 
.78457 
.78504 
.78561 
.78698 

.78645 
.78692 
.78789 
.78786 
.78884 
.78881 
.78928 
.78975 
.79028- 
.79070 

.79117 
.79164 
.79212 
.79859 
.79806 
.79354 
.79401 
.79449 
.79496 
.79544 

.79591 
.79689 
.79686 
.79784 
.79781 
.79889 
.79877 
.79984 
.79972 
.80080 

.80067 
.-80115 
.80163 
.80811 
.80868 
.80306 
..80354 
.80402 
.80460 
.80498 

.80546 
.80594 
.80648 
.80690 
.•80738 
.80786 
.80634 
.80882 
.80930 
.80978 

Cotang 


Cotang 


.87994 
.87917 
.27841 
.87764 
.87688 
.87611 
.87585 
.87458 
.27382 
.27806 
.27880 

.87153 
.87077 
.87001 
.86985 
.26849 
.26774 
.26698 
.26622 
.26546 
.26471 

.26895 

.26319 
.26244 
.26169 
.26093 
.26018 
.25943 
.25867 
.25792 
.25717 

.85648 
.25567 
.85498 
.25417 
.25343 
.25268 
.25193 
.25118 
.25044 
.24969 

.24895 
.24820 
.24746 
.24672 
.24597 
.24523 
.24449 
.24875 
.24801 
.84227 

.24153 
.84079 
.84005 
.83981 
.23858 
.23784 
.83710 
.83687 
.88563 
.28490 

Tang 


51« 


89» 


Tang 


.80978 
.81087 
.81075 
.81l!£3 
.81171 
.81220 
.81268 
.81316 
.81864 
.81413 
.81461 

.81510 
.81568 
.81606 
.81665 
.81703 
.81752 
.81800 
.81849 
.81898 
.81946 

.81995 
.88044 
.88098 
.82141 
.82190 
.82288 
.82287 
.82886 
.82385 
.82434 

.88483 
.88531 
.88580 
.88689 
.88678 
.82787 
.88776 
.88885 
.88874 
.88983 

.82978 
.83088 

.88071 
.83120 
.83169 
.83218 
.83868 
.83317 
.83366 
.83415 

.88465 
.83514 
.83564 
.83613 
.a3662 
.83712 
.83761 
.83811 
.83860 
.88910 

Cotang 


Cotang 


.28490 
.28416 
.23843 
.23870 
.28196 
.28123 
.23050 
.22977 
.22904 
.22881 
.28768 

.88665 
.88618 
.2SiBS» 

.88394 
.28881 
.22249 
.22176 
.22104 
.22031 

.21969 
.21886 
.21814 
.21742 
.21670 
.21598 
.21526 
.21454 
.21382 
.21310 

.81238 
.21166 
.21094 
.21023 
.20951 
.80679 
.20808 
.20786 
.20665 
.80593 

.20622 
.804.51 
.20879 
.80308 
.20237 
.20166 
.20096 
.80084 
.19058 
.19888 

.19811 
.19740 
.19669 
.19599 
.19528 
.19457 
.19887 
.19316 
.19246 
.19176 

Tang 


60« 


i*B»*"''W»^"^f»i 


•aI 


AQiy 
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"o 

40O 

41°           1 

42°           1 

43° 

60 

Tang 

Cotang 

Tang 

.86929 

Cotang 

Tang 

.90040 

Cotang 

Tang  1  Cotang 

.83910 

1.19175 

1.15037 

1.11061 

.93252 

1.07237 

1 

.83960 

1.19105 

.86980 

1.14969 

.90093 

1.10996 

.93306 

1 .07174 

69 

2 

.84009 

1.19085 

.87031 

1.14902 

.90146 

1.10931 

.93360 

1.07112 

58 

3 

.84059 

1.18964 

.87082 

1.14834 

.90199 

1.10867 

.93415 

1.07049 

67 

4 

.84108 

1.18894 

.87133 

1.14767 

.90251 

1.10802 

.93469 

1.06987 

56 

5 

.84158 

1.18824 

.87184 

1.14699 

.90804 

1.10737 

.98524 

1.06925 

55 

6 

.84208 

1.18754 

.87286 

1.14632 

.90857 

1.10672 

.9.3578 

1.06862 

54 

7 

.84258 

1.18684 

.87287 

1.14565 

.90410 

1.10607 

.93633 

1.06800 

58 

8 

.84307 

1.18614 

.87338 

1.14498 

.90463 

1.10548 

.93688 

1.06738 

52 

9 

.84357 

1.18544 

.87389 

1.14430 

.90516 

1.10478 

.93742 

1.06676 

51 

10 

.84407 

1.18474 

.87441 

1.14363 

.90569 

1.10414 

.93797 

1.06618 

50 

11 

.84457 

1.18404 

.87492 

1.14296 

.90621 

1.10349 

.93852 

1.06551 

49 

12 

.84607 

1.18334 

.87543 

1.14229 

.90674 

1.10285 

.98906 

1.06489 

48 

18 

.84556 

1.18264 

.87595 

1.14162 

.90727 

1.10220 

.93961 

1.06427 

47 

14 

.84606 

1.18194 

.87646 

1.14095 

.90781 

1.10156 

.94016 

1.06365 

46 

15 

.84656 

1.18125 

.87698 

1.14028 

.90834 

1.10091 

.94071 

1.06303 

45 

16 

.84706 

1.18055 

.87749 

1.13961 

.90887 

1.10027 

.94125 

1.06241 

44 

17 

.84756 

1.17986 

.87801 

1.13894 

.90940 

1.09963 

.94180 

1.06179 

48 

18 

.84806 

1.17916 

.87852 

1.13828 

.90993 

1.09899 

.94285 

1.06117 

42 

19 

.84856 

1.17846 

.87904 

1.13761 

.91046 

1.09aS4 

.94290 

1.06056 

41 

20 

.84906 

1.1VV77 

.87955 

1.18694 

.91099 

1.09770 

.94345 

1.05994 

40 

21 

.84956 

1.17708 

.88007 

1.13627 

.91153 

1.09706 

.94400 

1.05932 

89 

22 

.85006 

1.17638 

.88059 

1.13561 

.91206 

1.09642 

.94455 

1.05870 

88 

23 

.85057 

1.17569 

.88110 

1.13494 

.91259 

1.09578 

.94510 

1.0)809 

37 

24 

.85107 

1.17500 

.88162 

1.13428 

.91318 

1.09514 

.94565 

1.05747 

36 

25 

.85157 

1.17430 

.88214 

1.13361 

.91866 

1.09450 

.94620 

1.05686 

35 

26 

.85207 

1.17361 

.88265 

1.13295 

.91419 

1.09886 

.94670 

1.05624 

34 

27 

.85257 

1.17292 

.88317 

1.13228 

.91478 

1.09822^ 

.94781 

1.05662 

83 

28 

.85308 

1.17223 

.88369 

1.13162 

.91526 

1.09258 

.94786 

1.05601 

32 

28 

,  .85358 

1.17154 

.88421 

1.13096 

.91580 

1.09195 

.94841 

1.05489 

31 

SO 

.85408 

1.17085 

.88473 

1.13029 

.91633 

1.09131 

.94896 

1.05878 

30 

31 

.85458 

1.17016 

.88524 

1.12963 

.91687 

1.09067 

.94952 

1.05817 

29 

32 

.85509 

1:16947 

.88576 

1.12897 

.91740 

1.09003 

.95007 

1.U5255 

28 

33 

.85559 

1.16878 

.88628 

1.12831 

.91794 

1.08940 

.95062 

1.05194 

27 

34 

.85609 

1.16809 

.88680 

1.12765 

.91847 

1.08876 

.95118 

1.05183 

26 

35 

.85660 

1.16741 

.88732 

1.12699 

.91901 

1.08813 

.95178 

1.06072 

25 

36 

.85710 

1.16672 

.88784 

1.12633 

.91955 

1.08749 

.95229 

1.05010 

24 

37 

.85761 

1.16603 

.88836 

1.12567 

.92008 

1.08686 

.95284 

1.04949 

28 

38 

.85811 

1.16585 

.88888 

1.12501 

.92062 

1.08622 

.96840 

1.04888 

22 

39 

.85862 

1.16466 

.88940 

1.12435 

.92116 

1.08559 

.95395 

1.04827 

21 

40 

.85912 

1.16398 

.88992 

1.12369 

.92170 

1.06496 

.95451 

1.04766 

20 

41 

.86963 

1.16329 

.89045 

1.12803 

.92224 

1.08432 

.95606 

1.04706 

19 

42 

.86014 

1.16261 

.89097 

1.12238 

.92277 

1.06369 

.95662 

1.04644 

18 

43 

.86064 

1.16192 

.89149 

1.12172 

.92831 

1.06306 

.95618 

1.04588 

17 

44 

.86115 

1.16124 

.89201 

1.12106 

.92885 

1.08243 

.95673 

1.04522 

16 

45 

.86160 

1.16056 

.89253 

1.12041 

.92439 

1.08179 

.95729 

1.04461 

15 

46 

.8621« 

1.15987 

.89306 

1.11975 

.92498 

1.08116 

.95785 

1.04401 

14 

47 

.86267 

1.15919 

.89358 

1.11909 

.92547 

1.06053 

.95841 

1.04840 

13 

48 

.86318 

1.15861 

.89410 

l.llSM 

.92601 

1.07990 

.95897 

1.04279 

12 

49 

.86368 

1.15783 

.89463 

1  11778 

.92655 

1.07927 

.95952 

1.04218 

11 

50 

.86419 

1.15715 

.89515 

1.11713 

.92709 

1.07864 

.96008 

1.04168 

10 

51 

.86470 

1.15647 

.89567 

1.11648 

.92763 

1.07801  ' 

.96064 

1.04097 

9 

52 

.86521 

1.15379 

.89620 

1.11582 

.92817 

1.07738 

.96120 

1.04036 

8 

63 

.86572 

1.15511 

.89672 

1.11517 

.92872 

1.07676 

.96176 

1.03976 

7 

54 

.86623 

1.15443 

.89725 

1.11452 

.92926 

1.07613 

.96282 

1.03915 

6 

55 

.86674 

1.15375 

.89'/77 

1.11887 

.92980 

1.07550 

.96288 

1.03865 

5 

56 

.86725 

1.15308 

.89630 

1.11321 

.98084 

1.07487 

.96844 

1.03794 

4 

57 

.86776 

1.15240 

.89883 

1.11256 

.93088 

1.07425 

.96400 

1.03784 

8 

58 

.86827 

1.15172 

.89935 

1.11191 

.93143 

1.07368 

.96457 

1.08674 

2 

59 

.86878 

1.15104 

.89988 

1.11126 

.93197 

1.0T299 

.96513 

1.03818 

1 

60 

.86929 
Cotang 

1.15087 

.90040 
Cotang 

1.11061 

.93252 
Cotang 

1.07237 

^96569 

1.08658 

* 

f 

Tang 

Tang 

Tang 

Cotang 

Tang 

4 

9° 

4 

8° 

i           4 

70 

46°           1 

Al^ 


TABLE  XXVni.-NATURAL  TANGENTS  AND  COTANGENTa 


/ 

440 

f 

440 

/ 

440 

/ 

a 

Tang 

Cotang 

60 

20 

Tang 

Cotang 

40 

Tang 

.98843 

Cotang 

.96569 

1.03553 

.97700 

1.02355 

40 

1.01170 

20 

1 

.96625 

1.03493 

59 

21 

.97756 

1.02295 

39 

41 

.98901 

1.01112 

19 

2 

.96681 

1.03433 

58 

22 

.97813 

1.02236 

38 

42 

.98958 

1.01053 

18 

3 

.96788 

1.03:372 

57 

23 

.97870 

1.02176 

37 

43 

.99016 

1.00994 

17 

4 

.  9679^1 

1.03312 

56 

24 

.97927 

1.02117 

36 

44 

.99073 

1.00935 

16 

5 

.96850 

1.03252 

55 

25 

.97984 

1.02057 

a5 

45 

.99131 

1.00876 

15 

6 

.96907 

1.03192 

54 

26 

.98041 

1.01998 

34 

46 

.99189 

1.00818 

14 

7 

.96963 

1.03132 

63 

27 

.98098 

1.01939 

33 

47 

.99247 

1.00759 

13 

8 

.97020 

1.0S072 

52 

28 

.98155 

1.01879 

32 

48 

.99304 

1.00701 

12 

9 

.97076 

1.03012 

51 

29 

.98213 

1.01820 

31 

49 

.99362 

1.00642 

11 

10 

.97133 

1.02952 

50 

30 

.98270 

1.01761 

30 

50 

.99420 

1.00583 

10 

11 

.97189 

1.02892 

49 

31 

.96327 

1.01702 

29 

51 

.99478 

1.00525 

9 

18 

.97346 

1.02832 

48 

32 

.98384 

1.01642 

28 

52 

.99536 

1.00467 

8 

13 

.97302 

1.02772 

47 

33 

.96441 

1.01583 

27 

58 

.99594 

1.00408 

7 

14 

.97359 

1.02713 

46 

34 

.96499 

1.01524 

26 

54 

.99652 

1.00350 

6 

15 

.97416 

1.02653 

45 

35 

.98556 

1.01465 

25 

55 

.99710 

1.00291 

5 

16 

.97472 

1.02593 

44 

36 

.98613 

1.01406 

24 

56 

.99768 

1.00233 

4 

17 

.97529 

1.02533 

43 

37 

.98671 

1.01347 

23 

57 

.99826 

1.00175 

3 

18 

.97586 

1.02474 

42 

38 

.98728 

1.01288 

22 

58 

.99884 

1.00116 

2 

19 

.97648 

1 .02414 

41 

39 

.98786 

1.01229 

21 

59 

.99942 

1.00058 

1 

20 

.97roo 

1 .02355 

40 

40 

/ 

.96843 

1.01170 

20 

60 

1.00000 

1.00000 

0 

/ 

CotAng     Tang 

Cotang 

Tang 

Cotang 

Tang 

/ 

46'» 

45° 

46° 

4fm 


A.BLE  IXIX.-'NATURA.L  VBB8ED  ^SINBS  AND  EXTERNAL  BECANTa 


f 

0« 

] 

I* 

20 

80 

0 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex,  sec. 

0 

.00000 

.00000 

.00015 

.00015 

.00061 

.00061  1 

.00187 

.00187 

1 

.00600 

.00000 

.00016 

.00016 

.00062 

.00062 

.00189 

00139 

1 

2 

.00000 

.00000 

.00016 

.00016 

.00063 

.00068 

.00140 

.00140 

s 

3 

.00000 

.00000 

.00017 

.00017 

.00064 

.00064  i 

.00142 

.00142 

$ 

4 

.00000 

.00000 

.00017 

.00017 

.00065 

.000(i5  ' 

.00148 

.00143 

4 

5 

.00000 

.00000 

.00018 

.00018 

.00066 

.00066  1 

.00146 

.00146 

5 

6 

.00000 

.00000 

.00018 

.00018 

.00067 

.00067  • 

.00146 

.00147 

9 

7 

.00000 

.00000 

.00019 

.00019 

.00068 

.00068 

.00148 

.00148 

r 

8 

.00000 

.00000 

.00020 

.00020 

.00069 

.OOLm   1 

.00150 

.00150 

8 

9 

.00000 

.00000 

.00020 

.00020 

.00070 

.00070  , 

.00161 

.00151 

9 

10 

.00000 

.00000 

.00021 

.00021 

.00071 

.00072 

.00163 

.00163 

10 

11 

.00001 

.00001 

.00021 

.00021 

.00073 

.00073 

.00164 

.00155 

11 

12 

.00001 

.00001 

.00023 

.00022 

.00074 

.00074 

.00166 

.00156 

12 

13 

.00001 

.00001 

.00023 

.0002:3 

.00075 

.00075 

.00158 

.00158 

13 

14 

.00001 

00001 

.00023 

.00023 

.00076 

.00076 

.00159 

.00150 

14 

15 

.00001 

.00001 

.00024 

.00024 

.00077 

.ooorr 

.00161 

.00161 

15 

16 

.00001 

.00001 

.00024 

.00024 

.00078 

'.00078 

.00162 

.001&3 

16 

17 

.00001 

.00001 

.00025 

.00025 

.00079 

.00079 

.00164 

.001&4 

17 

18 

.00001 

.00001 

.00026 

.00026 

.00081 

.00081 

.00106 

.00106 

18 

19 

.00002 

.00002 

.00026 

.00026 

.00082 

.00082 

.00168 

.00168 

19 

20 

.00002 

.00002 

.00027 

.00027 

.00083 

.00063 

.00169 

.wnm 

20 

21 

.00002 

.00002 

.00088 

.00028 

.00084 

.00084 

.00171 

.00171 

ei 

22 

.00002 

.00002 

.00028 

.00028 

.00085 

.00085 

.00173 

.00173 

22 

23 

.00002 

.00002 

.00029 

.00029 

.00087 

.00087 

.00174 

.00175 

28 

24 

.00002 

.00002 

.00030 

.00030 

.00088 

.00088 

.00176 

.00176 

24 

25 

.00003 

.00003 

.00031 

.00031 

.00069 

.00089 

.00178 

.00178 

25 

26 

.00003 

.00003 

.00031 

.00031 

.00090 

.00090 

.00179 

.00180 

26 

27 

.00003 

.0000:3 

.00032 

.00032 

.00091 

.00091 

.00181 

.00182 

27 

28 

.00003 

.00003 

.00033 

.00033 

.00093 

.00093 

.00183 

.00183 

28 

29 

.00004 

.00004 

.00034 

.00034 

.00094 

.00094  j 

.00185 

.00185 

29 

30 

.00004 

.00004 

.00034 

.00034 

.00095 

.00095  , 

.00187 

.00187 

80 

81 

.00004 

.00004 

.00035 

.00035 

.00096 

.00097 

.00188 

.00189 

31- 

32 

.00004 

.00004 

.00036 

.00036 

.00098 

.00098 

.00190 

.00190 

32 

33 

.00005 

.00005 

.00037 

.00037 

.00099 

.00099 

.00192 

.00192 

33 

34 

.00005 

.00005 

.00037 

.00037 

.00100 

.00100 

.00194 

.00194 

84 

35 

.00005 

.00005 

.00038 

.00038 

.00102 

.00102 

.00196 

.00196 

85 

36 

.00005 

.00005 

.00039 

.00039 

.00103 

.00103 

.00197 

.00198 

86 

37 

.00006 

.00006 

.00040 

.00040 

.00104 

.00104 

.00199 

.00200 

87 

88 

.00006 

.00006 

.00041 

.00041 

.00106 

.00106 

.00201 

.00201 

88 

89 

.00006 

.00006 

.00041 

.00041 

.00107 

.00107 

.00203 

.00203 

89 

40 

.00007 

.00007 

.00042 

.00042 

.00108 

.00108 

.00205 

.00205 

40 

41 

.00007 

.00007  ' 

.00043 

.00043 

.00110 

.00110 

.00207 

.00207 

41 

42 

.00007 

.00007 

.00044 

.00044 

.00111 

.00111 

.00208 

.00209 

42 

43 

.00008 

.00008 

.00045 

.00045 

.00112 

.00113 

.00210 

.00211 

43 

44 

.00008 

.00008 

.00046 

.00046 

.00114 

.00114 

.00212 

.00213 

44 

45 

.00009 

.00009 

.00047 

.00047 

.00115 

.00115  , 

.00214 

.00215 

45 

46 

.00009 

.00009 

.00048 

.00048 

.00117 

.00117  1 

.00216 

.00216 

46 

47 

.00009 

.00009  ! 

.00048 

.00048 

.00118 

.00118 

.00218 

.00218 

47 

48 

.00010 

.00010 

.00049 

.00049 

.00119 

.00120  1 

.00220 

.00220 

48 

49 

.00010 

.00010  , 

.00050 

.00050 

.00121 

.00121 

.00222 

.00222 

49 

50 

.00011 

.00011 

.00051 

.00051 

.00122 

.00122 

.00224 

.00224 

50 

51 

.00011 

.00011 

.00052 

.00052 

.00124 

.00124 

.00226 

.00228 

51 

52 

.00011 

.00011 

.00053 

.00053 

.00125 

.00125 

.00228 

.00228 

52 

53 

.00012 

.00012 

.000.54 

.00a'>4 

.00127 

.00127 

.00230 

.00230 

53 

54 

.00012 

.00012 

.00055 

.(KX)55 

.00128 

.00128 

.00232 

.00232 

54 

55 

.00013 

.00013  1 

,  .00056 

.00056  1 

'  .00130 

.00130 

.00234 

.00234 

55 

56 

.00013 

.00013 

.00057 

.00057  1 

!  .00131 

.00131 

.00236 

.00236 

66 

57 

.00014 

.00014  ' 

.00058 

.00058 

.00133 

.00133  1 

.00238 

.00238 

67 

58 

.00014 

.00014 

.00a59 

.00059 

.001^4 

.00134 

.00240 

.00240 

68 

59 

.00015 

.00015 

.00060 

.00060 

.00136 

.00136 

.00242 

.00242 

68 

60 

.00015 

.00015 

.00061 

.00061 

1  .00137 

.00137 

.00244 

.wau 

eo; 

4no 


TABLfi  X2IX.-NAT0RAL  VERSED  SINES   AND  EXTiaiNAL  SECAKTS 


40 

/ 

Vers. 

Ex.  sec. 

~i 

.00244 

.00244 

1 

.00246 

.00246 

2 

.002^ 

.00848 

3 

.00250 

.00850 

4 

.00852 

.00852 

5 

.00254 

.00254 

6 

.00256 

.00257 

7 

.00258 

.00259 

8 

.00260 

.00261 

9 

.00262 

.00263 

K> 

.00264 

.60265 

11 

.00266 

.00267 

t» 

.00869- 

.00869 

13 

.00271 

.00871 

14 

.00273 

.00274 

1« 

.00875 

.09276 

1# 

.00277 

.00878 

17 

.00279 

.00280 

1« 

.00281 

.00282 

W 

.60284 

.00284 

2» 

.00286 

.00287 

21 

.O0B88 

.00389 

22 

.00290 

.00891 

2S 

.00893 

.00893 

24 

.00295 

.00896 

25 

.00297 

.00898 

2fr 

.00299 

.00800 

27 

.00301 

.00802 

28. 

.00804 

.00305 

2& 

.00306 

.00307 

ao^ 

.00308 

.00809 

81 

.00311 

.00812 

32 

.00813 

.00314 

da 

.00815 

.00816 

34 

.00817 

.00818 

35 

.00680 

.00821 

36 

.00882 

.00823 

37 

.008]^ 

.00826 

38 

.00827 

.00328 

3» 

.00389 

.00330 

40 

.00882 

.00a33 

41 

.00834 

.00385 

42 

.00336 

.00337 

48 

.00339 

.00340 

44 

.00341 

.00342 

45 

.00343 

.00345 

46 

.00846 

.00347 

47 

.00348 

.00350 

48 

.00351 

.00362 

49 

.00353 

.00354 

50 

.00356 

.00857 

51 

.00358' 

.00359 

52 

.00861 

.00362 

53 

.00363 

.00364 

54 

.00365 

.00367 

65 

.00868 

.00869 

56: 

.00870' 

.00372 

57 

.00373 

.00374 

58 

.00375 

.00877 

59 

.00878 

.00879 

6^ 

.00381 

.00882 

Vers. 


.00881 
.00383 
.00386 
.00888 
.00391 
.00898 
.00396 
.00398 
.00401 
.00404 
.00406 

.00409 
.00412 

.00414 

.00417 

.00420 

.00422- 

.00425 

.00428 

.00430 

.00433 

.00436 
.00438 
.00441 
.00444 
.0(M47 
.00449 
.00452 
.00455 
.00458 
.00460 

.00463 
.00466 
.00469 
.00472 
.00474 
.00477 
.00480 
.00483 
.00486 
.00489 

.00492 
.00494 
.00497 
.00500 
.00508 
.00506 
.00509 
.00512 
.00515 
.00518 

.00521 
.00524 
.00527 
.00530 
.00533 
.00538 
.00539^ 
.00542 
.00545 
.00548 


Ex.  sec. 


.00388 
.00385 
.00387 
.00390 
.00398 
.00395 
.0(^97 
.00400 
.00403 
.00405 
.00408 

.00411 
.00413 
.00416 
.00419 
.00421 
.00424 
.00427 
.00429 
.00432 
.00485 

.(XH38 
.00440 
.00443 
.00446 
.00449 
.00451 
.00454 
.00457 
.00460 
.00463 

.00465 
.00468 
.00471 
.00474 
.00477 
.00480 
.00482 
.00485 
.00488 
.00491 

.00494 
.00497 
.00500 
.00503 
.00506 
.00.509 
.00.512 
.00515 
.00518 
.00521 

.00524 
.00527 
.00530 
.00533 
.00536 
.00539 
.00542 
.00545 
.00548 
.00551 


6« 


Vers.  Ex.  sec. 


.00548 
.00551 
.00654 
.00557 
.00560 
.00563 
.00566 
.00569 
.00572 
.00576 
.00579 

.00582 
.005&5 
.00588 
.00591 
.00594 
.00596 
.00601 
.00604 
.00607 
.00610 

.00614 
.00617 
.00620 
.00623 
.00626 
.00630 
.00633 
.00636 
.00640 
.00643 

.00646 
.00649 
.00653 
.00656 
.00659 
.00663 
.00666 
.00669 
.00673 
.00676 

.00680 
.00683 
.00686 
.00690 
.00693 
.00697 
.00700 
.007a3 
.00707 
.00710 

.00714 
.00717 
.00721 
.00724 
.00728 
.00731 
.00735 
.00738 
.00742 
.00745 


.00551 

.00664 

.00557 

.00560- 

.00563 

.00666 

.00669 

.00573 

.00576 

.00579 

.00582 

.00585 
.00588 
.00592 
.00595 
.00598 
.00601 
.00604 
.00608 
.00611 
.00614 

.00617 
.00621 
.00624 
.00627 
.00630 
.00634 
.00637 
.00640 
.00644 
.00647 

.00650 
.00654 
.00657 
.00660 
.00684 
.00667 
.00671 
.00674 
.00677 
.00681 

.00684 
.00688 
.00691 
.00695 
.00698 
.00701 
.00705 
.00708 
.00712 
.00715 

.00719 
.00722 
.00726 
.00730 
.00733 
.00737 
.00740 
.00744 
.00747 
.00751 


Vers. 


.00745 
.00749 
.00752 
.00756 
.00760 
.00763 
.00767 
.00770 
.00774 
.00778 
.00781 

.00785 
.00789 
.00792 
.00796 
.00800 
.00803 
.00807 
.00811 
.Q0814 
.00818 

.60822 
.00825 
.00829 
.00833 
.00837 
.00840 
.00844 
.00848 
.00852 
.00856 

.00859 
.00863 
.00667 
.00871 
.00875 
.00878 
.00882 
.00S86 
.00890 
.00894 

.00898 
.00902 
.00906 
.00909 
.00913 
.00917 
.00921 
.00925 
.00929 
.00933 

.00937 
.00941 
.00945 
.00949 
.00953 
.00957 
.00961 
.00965 
.00969 
.00973 


Ex.  sec. 


.00751 
.00756 
.00756 
.00768 
.00765 
.00768 
.00773 
.00776 
.00780 
.00784 
.00787 

.00791 
.00795 
.00799 
.00802 
.00806 
.00810 
.00613 
.00617 
.00821 
.00825 

.00628 
.06832 
.00836 
.00840 
.00844 
.00848 
.00851 
.00855 
.00850 
.00863 

.00867 
.00871 
.00875 
.00878 
.00882 
.00886 
.00890 
.00894 
.00898 
.00902 

.00906 
.00910 
.00914 
.00918 
.00922 
.00926 
.00930 
.09934 
.00938 
.00942 

.00946 
.00950 
.00954 
.00958 
.00962 
.00966 
.00970 
.00975 
.00979 
.00983 


471 


lABLE  XXIX.— NATURAL  VERSED  SINES  AND  EXTERNAL    SECANTS. 


/ 

g. 

s 

io« 

IV 

/ 
0 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. ' 

1 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

0 

.00973 

.00988  i 

.01231 

.01247 

.01519 

.01543 

.01837 

.01872 

1 

.00977 

.00987 

.01286 

.01251 

.01524 

.01548 

.01843 

.01877 

1 

2 

.00961 

.00991 

.01240 

.01256 

.01529 

.01553 

.01848 

.01883 

2 

3 

.00985 

.00995 

.01245 

.01201 

.01534 

.01558 

.01854 

.01889 

3 

4 

.00989 

.00999 

.01249 

.01265 

.01540 

.01564 

.01860 

.01895 

4 

5 

.00994 

.01004 

.01254 

.01270 

.01545 

.01569 

.01865 

.01901 

5 

6 

.00998 

.01006 

.01259 

.01275 

.01650 

.01574 

.01871 

.01906 

6 

7 

.01002 

.01012 

.01263 

.01279 

.01555 

.01579 

.01876 

.01912 

7 

8 

.01006 

.01016 

.01268 

.01284 

.01560 

.01585 

.01882 

.01918 

8 

9 

.01010 

.01020 

.01272 

.01289 

.01565 

.01590 

.01888 

.01924 

9 

10 

.01014 

.01024 

.01277 

.01294 

.01570 

.01595 

.01893 

.01930 

10 

11 

.01018 

.01029 

.01282 

.01298 

.01575 

.01601 

.01899 

.01936 

11 

12 

.01022 

.01033 

.01286 

.01303 

.01580 

.01606 

.01904 

.01941 

12 

13 

.01027 

.01037 

.01291 

.01308 

.01586 

.01611 

.01910 

.01947 

13 

14 

.01031 

.01041 

.01296 

.01313 

.01591 

.01616 

.01916 

.01953 

14 

15 

.01035 

.01046 

.01300 

.01318 

.01596 

.01622 

.01921 

.01959 

15 

16 

.01039 

.01050 

.01305 

.01322 

.01601 

.01627 

.01927 

.01965 

16 

17 

.01043 

.01054 

.01310 

.01327 

.01606 

.01638 

.01933 

.01971 

17 

18 

.01047 

.01059 

.01314 

.01332 

.01612 

.01638 

.01939 

.01977 

18 

19 

.01052 

.01063 

.01319 

.01337 

.01617 

.01643 

.01944 

.01983 

19 

20 

.01056 

.01067 

.01324 

.01342 

.01622 

.01649 

.01950 

.01989 

20 

21 

.01060 

.01071 

.01329 

.01346 

.01627 

.01654 

.01956 

.01995 

21 

22 

.01064 

.01076 

.01333 

.oiaoi 

.01632 

.01659 

.01961 

.02001 

22 

23 

.01069 

.01060 

.01888 

.01356 

.01638 

.01665 

.01967 

.02007 

23 

24 

.01073 

.01084 

.01343 

.01361 

.01643 

.01670 

.01978 

.02013 

24 

25 

.01077 

.01069 

.01848 

.01366 

.01648 

.01676 

.01979 

.02019 

25 

26 

.01081 

.01093 
.dl097 

.01352 

.01371 

.01653 

.01681 

.01984 

.02025 

26 

27 

.01086 

.01857 

.01376 

.01659 

.01687 

.01990 

.02031 

27 

28 

.01090 

.01102 

.01362 

.01381 

.01664 

.01692 

.01996 

.02037 

28 

29 

.01094 

.01106 

.01867 

.01386 

.01669 

.01698 

.02002 

.02043 

29 

30 

.01098 

.01111 

.01371 

.01391 

.01675 

.01703 

.02008 

.02049 

30 

31 

.01103 

.01115 

.01376 

.01395 

.01680 

.01709 

.02013 

.02055 

31 

32 

.01107 

.01119 

.01381 

.01400 

.01685 

.01714 

.02019 

.02061 

32 

33 

.01111 

.01124 

.01386 

.01405 

.01690 

.01720 

.02025 

.02067 

83 

34 

.01116 

.01128 

.01391 

.01410 

.01696 

.01725 

.02031 

.02073 

34 

35 

.01120 

.01133 

.01396 

.01415 

.01701 

.01731 

.02037 

.02079 

35 

36 

.01124 

.01137 

.01400 

.01420 

.01706 

.01736 

.02042 

.02065 

86 

37 

.01129 

.01142 

.01405 

.01425 

.01712 

.01742 

.02048 

.02091 

87 

38 

.01133 

.01146 

.01410 

.01430 

.01717 

.01747 

.02054 

.02097 

38 

39 

.01137 

.01151 

.01415 

.01435 

.01723 

.01753 

.02000 

.02103 

39 

40 

.01142 

.01155 

.01420 

.01440 

.01728 

.01758 

.02066 

.02110 

40 

41 

.01148 

.01160 

.01425 

.01445 

.01733 

.01764 

.02072 

.02116 

41 

42 

.01151 

.01164 

.01430 

.01450 

.01739 

.01769 

.02078 

.02122 

42 

43 

.01155 

.01169 

.01435 

.01455 

.01744 

.01775 

.02084 

.02128 

43 

44 

.01159 

.01178 

.01439 

.01461 

.01750 

.01781 

.02090 

.02184 

44 

45 

.01164 

.01178 

.01444 

.01466 

.01755 

.01786 

.02095 

.02140 

45 

46 

.01168 

.01182 

.01449 

.014n 

.01760 

.01792 

.02101 

.02146 

46 

47 

.01173 

.01187 

.01454 

•01476 

.01766 

.01798 

.02107 

.02153 

47 

48 

.01177 

.01191 

.01459 

.01481 

.01771 

.01803 

.02113 

.02159 

48 

49 

.01182 

.01196 

.01464 

.01486 

.01777 

.01809 

.02119 

.02165 

49 

60 

.01186 

.01200 

.01469 

.01491 

.01782 

.01815 

.02125 

.02m 

50 

61 

.01191 

.01205  1 

.01474 

.01496 

.01788 

.01820 

.02131 

.02178 

51 

52 

.01195 

.01209 

.01479 

.01501 

.01793 

.01826 

.02137 

.02184 

52 

53 

.01200 

.01214 

.01484 

.01506 

.01799 

.01832 

.02143 

.02190 

53 

54 

.01204 

.01219 

.01489 

.01512  1 

.01804 

.01»37 

.02149 

.02196 

54 

55 

.01209 

.01223 

.01494 

.01517 

.01810 

.01843 

.02155 

.02203 

65 

56 

.01213 

.01228 

.01499 

.01522 

1  .01815 

.01849 

.02161 

.02209 

56 

57 

.01218 

.01283 

.01504 

.01527 

'  .01821 

.01854  , 

.02167 

.02215  1  57 

58 

.01222 

.01237 

.01509 

.015.32 

.01826 

.01860  ' 

.02173 

.02221   58 

59 

.01227 

.01242  , 

.01514 

.015.37 

.018.32 

.01866  : 

.02179 

.02228 

69 

60 

.01231 

.01247  1 

.01519 

.01.M3 

.01837 

.01872  . 

.02185 

.02284 

60 

^7'^ 


TABLE   XXDL— NATURAL  VERSED  SINES  AND  EXTERNAL  SECANTS 


r 


12* 


Vers. 


Ex.  sec. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
0 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
28 
24 
26 
26 
27 
28 
29 
80 

81 
82 
83 
84 
S6 
86 
87 
88 
89 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
60 

61 
62 
63 
54 
66 
66 
67 
68 
69 


.02185 
.02191 
.02197 
.02203 
.02210 
.02216 
.02222 
.02228 
.02234 
.02240 
.02246 

.02252 
.02258 
.02265 
.02871 
.02277 
.02288 
.02289 
.02295 
.02302 
.02306 

.02314 
.02820 
.02327 
.02833 
.02839 
.02345 
.02352 
.02358 
.02364 
.02870 

.02377 
.02383 
.02389 
.02396 
.02402 
.02406 
.02415 
.02421 
.02427 
.02434 

.02440 
.02447 
.02453 
.02459 
.02466 
.02472 
.02479 
.02486 
.02492 
.02498 

.02504 
.02611 
.02517 
.02584 
.02530 
.02587 
.02643 
.02560 
.02666 
.02563 


.02234 
.02240 
.02247 
.02253 
.02259 
.02266 
.02272 
.02279 
.02285 
.02291 
.02296 

.02804 
.02811 
.02817 
.02323 
.02330 
.02336 
.02348 
.02349 
.02356 
.02362 

.02869 
.02375 
.02382 
.02388 
.02395 
.02402 
.02406 
.02415 
.02421 
.02426 

.02435 
.02441 
.02448 
.02454 
.02461 
.02468 
.02474 
.02481 
.02488 
.02494 

.02501 
.02508 
.02515 
.02621 
.02528 
.02586 
.02642 
.02548 
.02555 
.02562 

.02569 
.02576 
.02582 
.02589 
.02596 
.02603 
.02610 
.02617 
.02624 
.02680 


IS** 

Vers. 

Ex.  sec. 

.02563 

.02630 

.02570 

.02637 

.02676 

.02644 

.02583 

.02861 

.02589 

.02658 

.02596 

.02665 

.02602 

.03672 

.02609 

.02679 

.02616 

.02686 

.02622 

.02693 

.02629 

.02700 

.02685 

.02707 

.02642 

.02714 

.02649 

.02721 

.02655 

.02728 

.02662 

.02735 

.02669 

.02742 

.02675 

.02749 

.02682 

.02756 

.02689 

.02763 

.02696 

.02770 

.02702 

.02777 

.02709 

.02784 

.02n6 

.02791 

.02722 

.02799 

.02729 

.02806 

.02786 

.02813 

.02'/4a 

.02820 

.02749 

.02827 

.02756 

.02834 

.02768 

.02842 

.02770 

.02849 

.02777 

.02856 

.02783 

.02863 

.02790 

.02870 

.02797 

.02878 

.02804 

.02885 

.02811 

.02892 

.02818 

.02899 

.02824 

.02907 

.02631 

.02914 

.02838 

.02921 

.02845 

.02928 

.02852 

.02936 

.02859 

.02943 

.02866 

.02950 

.02878 

.02958 

.02880 

.02965 

.02887 

.02972 

.02894 

.02980 

.02900 

.02987 

.02907 

.02994 

.02914 

.03002 

.02921 

.03009 

.02928 

.03017 

.02935 

.08024 

.02942 

.03032 

.02949 

.03039 

.02956 

.03046 

.02963 

.a3054 

.02970 

.03061 

14«' 

Vers. 

Ex.  sec. 

.02970 

.03061 

.02977 

.03069 

.02985 

.03076 

.02992 

.03084 

.02999 

.03091 

.03006 

.03099  1 

.03013 

.03106 

.03020 

.03114 

.08027 

.08121 

.03034 

.03129 

.08041 

.08137 

.03048 

.06144 

.08055 

.08152 

.03068 

.08159 

.03070 

.08167 

.08077 

.08175 

.03084 

.03182 

.08091 

.03190 

.08098 

.03198 

.08106 

.08206 

.08113 

.08218 

.08120 

.08221 

.08127 

.08228 

.08134 

.03236 

.03142 

.08244 

.03149 

.03251 

.03156 

.03259 

.03163 

.03267 

.08171 

.03275 

.08178 

.03282 

.08186 

.03290 

.08198 
.68200 

.03296 
.03306 

.03207 

.08318 

.08214 

.03821 

.03222 

.03829 

.03229 

.03387 

.03236 

.03345 

.03244 

.03353 

.03251 

.03360 

.08258 

.03368 

.08266 

.03876 

.08273 

.03384 

.08281 

.08392 

.08288 

.03400 

.03295 

.03408 

.03303 

.03416 

.03310 

.03424  1 

,03318 

.03482 

.03325 

.03439 

.03838 

.03447 

.08340 

.03455 

.03347 

.03463 

i  .03355 

.03471 

.03362 

.03479 

,  .03370 

.03487 

.a«77 

.03495 

.03385 

.03503 

.03392 

.03512 

.03400 

.03520 

.0^107 

.03528 

15« 


Vers. 


.08407 
.08415 
.03422 
.03430 
.03438 
.03445 
.03453 
.03460 
.03468 
.03476 
.08483 

.03491 
.03498 
.03506 
.03514 
.03521 
.03629 
.03537 
.08544 
.08652 
.08660 

.08567 
.03575 
.03588 
.03590 
.03598 
.03606 
.03614 
.03621 
.03629 
.03687 

.03645 
.08653 
.03660 
.03668 
.08676 
.03684 
.08692 
.08699 
.08707 
.03715 

.08723 
.03731 
.03739 
.03747 
.03754 
.03762 
.03770 
.03778 
.08786 
.03794 

.03802 
.03810 
.03818 
.03826 
.03834 
.08842 
.03850 
.08858 
.03866 
.03874 


Ex.  sec. 


.03528 
.03536 
.03644 
.03652 
.08560 
.03568 
.08576 
.03584 
.03592 
.03601 
.03609 

.03617 
.03625 
.08688 
.03642 
.03650 
.09658 
.03666 
.08674 
.03683 
.08691 

.03699 
.08708 
.03716 
.08724 
.08732 
.03741 
.03749 
.08758 
.03766 
.08774 

.08788 
.03791 
.03799 
.08806 
.08816 
.03825 
.03833 
.03842 
.03850 
.08858 

.03867 
.03875 
.03884 
.03892 
.03901 
.03909 
.03918 
.03927 
.03985 
.08944 

.08952 
.03961 


.03978 
.08987 
.08995 
.04004 
.04018 
.04021 
.04080 


473 


ABLE  ZXIX.-NATXJBAI4  VEB8ED  SINES  AND  EXTERNAL  SECANTS. 


J 

16* 

w 

Vere. 

Ex.  sec. 

0 

.08874 

.04060 

1 

.08882 

.04089 

2 

.08890 

.04047 

3 

.03896 

.04056 

4 

.03906 

.04065 

5 

.08914 

.04073 

6 

.03922 

.04082 

7 

.08980 

.04091 

8 

.03988 

.04100 

9 

.08946 

.04108 

10 

.06954 

.04117 

11 

.08963 

.04126 

12 

.08971 

.04185 

13 

.08979 

.04144 

14 

.08987 

.04152 

16 

.03995 

.04161 

16 

.04003 

.04170 

17 

.04011 

.04179 

18 

.04019 

.04188 

19 

.04028 

.04197 

20 

.04086 

.04206 

21 

.04044 

.04214 

22 

.04062 

.04223 

28 

.04060 

.04232 

24 

.04069 

.04241 

26 

.04077 

.04250 

26 

.04085 

.04259 

27 

.04093 

.04268 

28 

.04102 

.04IW7 

29 

.04110 

.04286 

80 

.04118 

.04295 

31 

.04126 

.04804 

82 

.04185 

.04813 

88 

.04148 

.04822 

34 

.04151 

.04881 

35 

.04169 

.04340 

86 

.04168 

.04849 

87 

.04176 

.04358 

88 

.04184 

.04367 

89 

.04193 

.04376 

40 

.04201 

.04385 

41 

.04209 

.04304 

42 

.04218 

.04403 

43 

.04226 

.04413 

44 

.04284 

.04422 

45 

.04243 

.04481 

46 

.04261 

.04440 

47 

.04260 

.04449 

48 

.04268 

.04458 

49 

.04270 

.04468 

50 

.04285 

.04477 

51 

.04293 

.04486 

52 

.04302 

.04495  ' 

53 

.04310 

.04504 

54 

.04319 

.04514  1 

66 

.04327 

.04523 

66 

.04336 

.04532 

57 

.04344 

.04541 

68 

.04863 

.04551 

60 

.04861 

.04560  , 

60 

.04870 

.04560  1 

17' 

Vers. 

Ex.Bec. 

.04870 

.^569 

.04878 

.(^4578 

.04887 

.04588 

.04395 

.04697 

.04404 

.04606 

.04412 

.04616 

.04421 

.04625 

.04429 

.04685 

.04488 

.04644 

.04446 

.04653 

.04465 

.04668 

.04464 

.04672 

.04472 

.04682 

.04481 

.(M691 

.04489 

.04700 

.04498 

.04710 

.04607 

.04719 

.04515 

.04729 

.04524 

.(Ht88 

.04533 

.04748 

.04541 

.04757 

.04560 

.04767 

.04659 

.04776 

.04567 

.04786 

.04676 

.04795 

.04685 

.04805 

.04693 

.04815 

.04602 

.04824 

.04611 

.04884 

.04620 

.04843 

.04628 

.04858 

.04637 

.04863 

.04646 

.04872 

.04665 

.04882 

.04663 

.04891 

.04672 

.04901 

.04681 

.04911 

.04690 

.04920 

.04699 

.04930 

.04707 

.04940 

.04716 

.04950 

.04725 

.04959 

.04734 

.04969 

.04743 

.04979 

.04752 

.04989 

.04760 

.04998 

.04769 

.05008 

.04778 

.06018 

.04787 

.05028 

.04796 

.  0,^38 

.04805 

.05047 

.04814 

.05057 

.0482:3 

.05067 

.04832 

.05077 

.04841 

.05087 

.048rj0 

.05097  1 

.04858 

.05107 

.04867 

.05116 

.04876 

.05126 

.04885 

.05136 

.04894 

.05146  , 

.05363 
.a'5.373 
.05382 
.05391 
.05401 
.05410 
.05420 
.05429 
.05430 
.05448 


18" 

Vers. 

Ex.  sec. 

.04894 

.06146 

.04908 

.06166 

.04912 

.06166 

.04921 

.06176 

.04930 

.06186 

.04939 

.05196 

.04948 

.06206 

.04967 

.06216 

.04967 

.06226 

.04976 

.06286 

.04986 

.05246 

.04994 

.06856 

.06008 

.05266 

.06012 

.05276 

.05021 

.05286 

.06080 

.05297 

.05089 

.05307 

.05048 

.05317 

.05057 

.05327 

.05067 

.05887 

.050r6 

.05847 

.05085 

.05357 

.05094 

.05867 

.05103 

.05878 

.05112 

.05888 

.05122 

.05898 

.05131 

.05408 

.05140 

.06418 

.06149 

.06429 

.05168 

.05439 

.06168 

.05449 

.05177 

.06460 

.05186 

.06470 

.05195 

.06480 

.05205 

.06490 

.05214 

.05501 

.05223 

.05511 

.05232 

.05521 

.05242 

.05532 

.05251 

.06542 

.05260 

.05552 

.05270 

.05663 

.05279 

.05573 

.05288 

.05684 

.06298 

.05594 

.05307 

.05604 

.05316 

.05615 

.05326 

.05625 

.05aS5 

.05636 

.05344 

.05646 

.05364 

.05657 

19*» 


Vers. 


.06448 
.05458 
.05467 
.05477 
.05486 
.05496 
.05605 
.05515 
.05524 
.05584 
.05543 

.05553 
.05562 
.05572 
.05682 
.05691 
.05601 
.05610 
.05620 
.06630 
.05639 

.05649 
.05658 
.05668 
.05678 
.05687 
.05697 
.05707 
.05716 
.06726 
.05736 

.06746 
.05765 
.05765 
.05775 
.05785 
.05794 
.05804 
.05814 
.05824 
.05833 

.05843 
.05853 
.05863 
.05873 
.05882 
.05892 
.05902 
.05912 
.05922 
.05932 


.05667 

.05942 

.05678 

.05951 

.05688 

.a5961 

.05699 

.05971 

.05709 

.05981 

.05720 

.05991 

.05780 

.06001 

.05741 

.06011 

.06751 

.00021 

.05762 

;  .06081 

Ex.  sec. 


.06762 
.06773 
.06783 
.06794 
.05805 
.06815 
.06886 
.06886 
.06847 
.06858 
.06869 

.06679 
.06890 
.05001 
.06911 
.06022 
.05983 
.05944 
.05955 
.05965 
.06076 

.05987 
.05998 
.06009 
.06020 
.06080 
.06041 
.06052 
.06068 
.06074 
.06065 

.06096 
.06107 
.06118 
.06129 
.06140 
.06151 
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Vers. 
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1 

.06041 
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.06474 
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.07886 
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.06497 
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.071^9 
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.06029 
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7 

8 
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6 

9 

.06121 
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.07223 

.07380 
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9 

10 
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.06747 

.07236 

.07891 

.07981 
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ID 

11 

.06141 

.06542 

.06757 

.07217 

.07402 

.07994 

.06075 
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11 

12 
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.06768 

.07259 

.07418 

.08006 

.08086 
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12 

13 

.06161 
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.07424 
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.08811 

18 

14 
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14 

15 
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.07446 
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15 

16 
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.06600 
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16 

17 
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.07980 
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.08144 
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17 

18 
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.07479 
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18 

19 
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.06634 

.06841 

.07314 
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.08167 
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19 

20 
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.06645 
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.07866 

.07501 
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.06907 

20 
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.06241 
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.07512 
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21 

22 
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.06668 

.06873 

.07380 

.07623 

.06135 

.08201 

.06934 

22 

23 
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.06884 

.07303 

.07584 
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28 

24 
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.07405 
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.07417 
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.07568 
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.06926 

.07442 
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44 
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.09478 

.09382 

.10353 
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1 

2 
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4 
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.10184 

.11339 
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.12316 

5 
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.09493 
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.10261 
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12 

13 
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13 

14 
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.10549 
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14 
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.11098 

.12484 

15 

16 

.08836 
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19 
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19 
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.11579 
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.11595 
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21 
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23 
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.10716 
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27 

28 
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29 
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29 

30 
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30 

31 
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.12755 

81 

32 
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82 

33 
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83 

34 
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84 
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.09968 
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.10870 
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35 

36 
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40 

.09125 
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.11903 
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42 
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.12&44 
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.15861 

.13706 

.15881 

.13719 

.16901 

.18734 

.15920 

.13749 

.15940 

.137'63 

.15960 

.13778 

.15980 

.13793 

.16000 

.13808 

.16019 

.13822 

.16039 

.13837 

.16059 

.13852 

.16079 

.13867 

.16099 

.13881 

.16119 

.1.3896 

.16139 

.1.3911 

.16159 

.13926 

.16179 

.13&41 

.16199 

.13955 

.16219 

.1.3970 

.16239 

.13985 

.16259 

.14000 

.16279 

.14015 

.16299 

.14030 

.16819 

.14044 

.16389 

.14059 

.16359 

.14074 

.16880 

.14089 

.16400 

.14104 

.16420 

.14119 

.16440 

.14i:i4 

.16460 

.14149 

.16481 

.14164 

.16501 

.14179 

.16521 

.14194 

.10541 

.14208 

.16562 

.14223 

.16582 

.142;« 

.16602 

.142.53 

.16623 

.14268 

.16643 

.14283 

.16663 

31« 


Vers. 

Ex.  sec. 

.14283 

.16663 

.14298 

.16684 

.14313 

.16704 

.14328 

.16725 

.14348 

.16745 

.14*58 

.16766 

.14373 

.16786 

.14388 

.16806 

.14403 

.16827 

.14418 

.16848 

.14488 

.16868 

.14449 

.16889 

.14464 

.16909 

.14479 

.16930 

.14494 

.16950 

.14509 

.16971 

.14524 

.16992 

.14539 

.17012 

.14554 

.17033 

.14569 

.17C54 

.14584 

.17075 

.14599 

.17096 

.14615 

.17116 

.14680 

.17137 

.14645 

.17158 

.14660 

.17178 

.14675 

.17199 

.14090 

.17220 

.14706 

.17241 

.14721 

.17262 

.14736 

.17283 

.14751 

.17304 

.14766 

.17325 

.14782 

.17346 

.14797 

.17367 

.14812 

.17388 

.14827 

.17409 

.14iU3 

.17430 

.14858 

.17451 

.14873 

.1747'2 

.14888 

.17493 

.14904 

.17514 

.14919 

.17535 

.14934 

.17556 

.14949 

.17577 

.14965 

.17598 

.14980 

.17620 

.14995 

.17641 

.15011 

.17662 

.15026 

.17683 

.15041 

.17704 

.16057 

.17726 

.15072 

.17747 

.15087 

.17768 

.15103 

.17790 

.15118 

.17811 

.151*4 

.17832 

.15149 

.17854 

.15164 

.17875 

.15180 

.17896 

.15195 

.17918 

■xiL 


TAB£.E  yXTTf.— NATURAL  Y£B&E£V  SB^SS  AND»  BSTEKNAL  SEOikKTSl 


0 

3ft^ 

Se- 

SSP 

39P 

/ 

0' 

Vers. 

^.sec. 

vers. 

Ex.  sec. 

V-eps. 

Ex.  sec. 

T^«. 

Ex.  see. 

.19098 

.28607 

.20156 

.25214 

.21199- 

.26902 

.2:2286 

.28676 

1 

.19115 

.23633 

.20154 

.26241 

.21217 

.26931 

.22304 

.28706: 

1 

a 

.19133 

.23659 

.20171 

.25269 

.21285 

.26960 

.22322 

.28737 

2 

3 

.19150 

.23685 

.20189 

.25296 

.21253 

.26988 

.22840 

.28767 

$ 

4 

.19167 

.23711 

.20207 

.25324 

.21271 

.27017 

.22859 

.28797 

4 

5 

.19184; 

.237:38 

.20224 

.25351 

.21289 

.27046 

.22377 

.28828 

5 

6 

.19201 

.28764 

.20242 

.25379 

.21307 

.27075 

.22895- 

.28868 

6 

7. 

.19218 

.23790 

.20259 

.25406 

.21324 

.27104 

.22414 

.28889 

T 

8 

.19235 

.23816 

.20277 

.25434 

.21342 

.27138 

.22432 

.28919 

S 

9 

.19252 

.23843 

.20294 

.25462 

.21360 

.27162 

.22450 

.28960 

9 

10 

.19270 

.28869 

.20312 

.25489 

.21378 

.27191 

.22469 

.28980 

10 

n 

.19287 

.23895 

.20329 

.25517 

.21896 

.27221 

.22487 

.29011 

11 

12 

.19304 

.23922. 

.20847 

.25545 

.21414 

.27250 

.22506 

.29042 

la 

13 

.19321 

.23948 

.20365 

.25572 

.21432 

.27279 

.22524 

.29072 

18 

14 

.19338 

.28973 

.20382 

.25600 

'  .21450 

.27308 

.22642 

.29103 

14 

15 

.19356 

.^001 

.20400 

.25628 

.21468 

.27887 

.22561 

.29138 

15 

16 

.13873 

.24028 

.20417 

.25656 

.21486 

.27366 

.22579 

.29164 

16 

17 

.19390 

.24054 

.20435 

.25683 

.21504 

.27396 

.22598 

.29195 

17 

18 

.19407 

.24081 

.20453 

.25711 

.21522 

.27425 

.22616 

.29226 

18 

19 

.19424 

.24107 

.20470 

.25739 

.21540 

.27454 

.22634 

.29266 

19. 

30 

.19442 

.24134 

.20488 

.25787 

.21558 

.27488 

.22658 

.29287 

20 

2X 

.19459 

.24160 

.20506 

.25795 

.21576 

.27513 

.22671 

.29318 

21 

22 

.19476 

.24187 

.26528 

.25828 

,  .21595 

.27543 

.22690 

.29349. 

22 

23, 

.19493 

.24213 

.20341 

.28861 

.21613 

.27572 

.22708 

.29380 

28 

24. 

.19511 

.24240 

.2055^ 

.25879 

.21631 

.27601 

.22727 

.29411 

24 

25. 

.19528 

.2^7 

.20576 

.25907 

.21649 

.27630 

.22745 

.29442 

26 

26 

.19545 

.24298 

.20594 

.25985 

.21667 

.27660 

.22764 

.29473 

26 

27 

.19562 

.24320 

.20612 

.25963 

.21685 

.27689 

.22782 

.29604 

27 

23 

.19580 

.24347 

.20629- 

.25991 

.21708 

.27719 

.22801 

.29535 

28 

29 

.19597 

.24373 

.20647 

.26019 

.21721 

.27748 

.22819 

.29566. 

29 

30 

.19614 

.24400 

.20665 

.26047 

.21789 

.27778 

.22888- 

.29697 

30 

31 

.19632 

.24427 

.20682 

.28075 

.21757 

.27807 

.22856 

.29628 

SI 

32 

.19649 

.24454 

.20700 

.26104 

.21775 

.27837 

.22875 

.29669. 

32 

33, 

.19666 

.24481 

.20718 

.26132 

.21794 

.27867 

.22893 

.29690 

38 

^ 

.1^684 

.24508 

.20736 

.26160 

.21812 

.27896 

.22912 

.29721 

34 

3? 

.19701 . 

.24334 

.20753 

.26188 

.21830 

.27926 

.22980 

.29762 

35 

36. 

.19718 

,24561 

.20771 

.26216 

.21848 

.27956 

.22949 

.29784- 

36 

37 

.19736 

.24588 

.20789 

.26245 

.21866 

.27985 

.22967 

.29815. 

37 

3& 

.19753 

.24615 

.20807 

.26278 

.21884 

.28015 

.22986 

.29846 

38 

:  39. 

.19770- 

.24642 

.20824 

.26801 

.21902 

.28045 

.23004 

.29877 

39 

}  40 

.19788 

.24669 

.20842- 

.26880 

.21921 

.28075> 

.23023 

.29909. 

40 

!  44 

.19805 

.24696 

.20860 

.26358 

.21939 

.2&105- 

.28041 

.29940 

41 

!  4?} 

.19822 

.24723 

.20878 

.26887 

.21957 

.28134 

.23060 

.29971 

42 

i  43 

.19840 

.24750 

.20895 

.26415 

.21975 

.28164 

.23079 

.30003 

43 

1  44, 

.19857 

.24777 

.20913 

.26448 

.21993 

.28194 

.23097 

.30034. 

44 

46 

.19875 

.24804 

.20981 

.26472 

.22012 

.28224 

.23116 

.300G6 

46 

46 

.19892 

.24882 

.20949 

.26500 

.22030 

.28264 

.23134 

.30097 

46 

4^ 

.19909 

.24859 

.20967 

.26529 

.22048 

.28284 

.23153 

.30129 

47 

48 

.19927 

.24886- 

.20985 

.26557 

.22066 

.28314 

.28172 

.30160 

48 

49. 

.19944 

.24913- 

.21002 

.26586 

.22084 

.28844 

.28190 

.30192 

40 

50 

.19962 

.24940 

.21020 

.26615 

.22108 

.28874 

.28209 

.30223 

tJv' 

1  51 

.19979 

.24967 

.21038 

.26643 

.22121 

.28404 

.23228 

.30256 

51. 

52. 

.19907 

.24995 

.21056 

.26072 

.22139 

.28434 

.23-^46 

.30287. 

52 

:  53. 

.20014 

.25022 

.21074 

.26701 

.22157 

.28464 

.23265 

.30318 

53 

!  54. 

.20032 

.25049 

.21092 

.26729 

.22176 

.28495 

.28288 

.80350 

54- 

56, 

.20049 

.25077 

.21109 

.26758 

.22194 

.28525 

.23302 

.30382 

.55 

56. 

.20066 

.25104 

.21127 

'  .267'87 

.22212 

.28555 

.28321 

.30413 

56. 

57. 

.20084 

.25131 

.21145 

.26815 

.22231 

.28585 

.23389 

.30446 

.57. 

58, 

.20101 

. .25159 

.21163 

.26844 

.22249 

.28616  ! 

.23858 

.80477 

'58 

IS5' 

;  .mi9 

.25186 

.21181 

.26873 

.22267 

.28646  , 

.28.377 

.30509 

;d9 

•  .20186 

.25214- 

.21199 

.26902 

.22286 

.28676  ' 

.28896 

.30541  .  60'  |. 
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?ABLE  XXIX— NATURAL  VERSED  SINKS  AND  EXTERNAL  SECANTS, 


/ 

40- 

Vers. 

Ex.  sec. 

0 

.23396 

.30541 

1 

.23414 

.30573 

2 

.23433 

.30605 

8 

.23452 

.30636 

4 

.23470 

.30668 

5 

.23489 

.30700 

6 

.23508 

.30732 

7 

.23527 

.30764 

8 

.23545 

.30796 

9 

.2a564 

.30829 

10 

.23583 

.30861 

11 

.22603 

.30693 

12 

.23(;20 

.80925 

13 

.2:^05:9 

.30957 

14 

.23(:u3 

.30989 

15 

.28077 

.31022 

16 

.23606 

.31054 

17 

.23714 

.31086 

18 

.23738 

.31119 

19 

.23752 

.31151 

20 

.23771 

.31183 

21 

.23790 

.31216 

22 

.23808 

.31248 

23 

.23827 

.31281 

24 

.23&46 

.31313 

25 

.23805 

.31346 

26 

.23884 

.81378 

27 

.23903 

.31411 

28 

.23922 

.31443 

29 

.23941 

.81476 

30 

.23959 

.81509 

81 

.23978 

.31541 

82 

.23997 

.31574 

33 

.24016 

.31007 

34 

.24035 

.31040 

35 

.24054 

.31072 

36 

.24073 

.31705 

37 

.24092 

.81738 

38 

.24111 

.31771 

39 

.^4130 

.31804 

40 

.24149 

.31837 

41 

.24168 

.31870 

42 

.24187 

.31903 

43 

.24206 

.31936 

44 

.24225 

.31909 

45 

.245^44 

.32002 

46 

.24202 

.32035 

47 

.24281 

.32008 

48 

.24:300 

.32101 

49 

.^4320 

.32134 

50 

.24339 

.32168 

51 

.24358 

.32201 

62 

.24377 

.82234 

53 

.24396 

.82267 

54 

.2i4i5 

.82301 

55 

.^4434 

.32334 

66 

.24453 

.82368 

57 

.^4472 

.82401 

58 

.24491 

.32434 

69 

.24510 

.82468 

60 

.24529 

.82501 

4l« 

Vers. 

Ex.  sec. 

.24529 

.32501 

.24548 

..32535 

.24567 

.82568 

.24586 

.32602 

.24605 

.32636 

.24025 

.32669 

.24644 

.32703 

.24668 

.32737 

.24683 

.32770 

.24701 

.32804 

.24720 

.82838 

.24739 

.32872 

.24759 

.32905 

.24778 

.32939 

.24797 

.32973 

.24816 

.83007 

.24835 

.33041 

.24854 

.83075 

.24874 

.33109 

.24893 

.33143 

.24912 

.83177 

.24931 

.33211 

.24950 

.33245 

.»4970 

.83279 

.24989 

.83314 

.25006 

.88348 

.25027 

.33382 

.25047 

.33416 

.25066 

.aS451 

.25085 

.33485 

.25104 

.38519 

.25124 

.83554 

.25143 

.33588 

.25162 

.83622 

.25182 

.33657 

.25201 

.83691 

.25220 

.33726 

.25240 

.33760 

.25259 

.33795 

.2527'8 

.83830 

.25297 

.33864 

.25317 

.38899 

.25336 

.33934 

.25356 

.33968 

.25375 

.»i003 

.25394 

.84038 

.25414 

.a4073 

.25433 

.ail08 

.25452 

..S4142 

.25472 

.34177 

.25491 

.ai212 

.25511 

.84247 

.255:30 

.^4282 

.25549 

.34317 

.25569 

.34.352 

.25588 

.;i4;^7 

.25608 

.&4423 

.25627 

.34458 

.25647 

.34493 

.25666 

.a4528 

.25686 

.84563 

42* 

Vers. 

Ex.  sec. 

.25686 

.34563 

.25705 

.a4599 

.25724 

.34634 

.25744 

.34669 

.25763 

.84704 

.25783 

.34740 

.25802 

.34775 

.25822 

.a4811 

.25841 

.34&46 

.25801 

.34882 

.25880 

.84917 

.25900 

.84953 

.25920 

.^4988 

.25939 

.35024 

.25059 

.85060 

.25978 

.35095 

.25998 

.85131 

.26017 

.35167 

.26037 

.35203 

.26056 

.a5238 

.26076 

.35274 

.26096 

.85310 

.26115 

.35346 

.26135 

.35382 

.26154 

.85418 

.26174 

.35454 

.26194 

.35490 

.26213 

.35526 

.26233 

.85562 

.26253 

.35598 

.26272 

.36634 

.26292 

.85670 

.26312 

.35707 

.26381 

.35743 

.26351 

.35779 

.26371 

.35815 

.26390 

.35*52 

.20410 

.35888 

.20430 

.85924 

.26449 

.35961 

.26469 

.35997 

.2&489 

.36084 

.26509 

.36070 

.26528 

.36107 

.26548 

.86143 

.26508 

.36180 

.26588 

.36217 

.26607 

.36253 

.26627 

.36290 

.26647 

.36327 

.26667 

.36363 

.26686 

.36400 

.26706 

.30437 

.26726 

.36474 

.26746 

.36511 

.26766 

.30548 

.26785 

.36585 

.26805 

.86622 

.26825 

.86659 

.26845 

.36696 

'.26865 

.86788 

43- 

r 

Vers. 

Ex.  sec. 

.26865 

.36783 

0 

.26884 

.36770 

1 

.26904 

.86807 

2 

.26924 

.86844 

3 

.26944 

.36881 

4 

.26964 

.86919 

5 

.26984 

.86956 

6 

.27004 

.86993 

7 

.27024 

.37030 

8 

.27048 

.87068 

9 

.27063 

.87105 

10 

.27068 

.87143 

11 

.27103 

.37180 

12 

.27123 

.87218 

13 

.27148 

.87255 

14 

.27163 

.87293 

15 

.27183 

.37330 

16 

.2^03 

.87868 

17 

.27223 

.37406 

18 

.27248 

.87443 

19 

.27268 

.87481 

20 

.27283 

.87619 

21 

.2?303 

.87566 

22 

.27323 

.87594 

23 

.27343 

.87633 

24 

.27363 

.87670 

25 

.27383 

.37708 

26 

.27408 

.87746 

27 

.27423 

.87784 

28 

.27443 

.87822 

29 

.27463 

.87860 

SO 

.27483 

.87898 

81 

.27503 

.37986 

32 

.27523 

.87974 

33 

.27543 

.88012 

34 

.27563 

.88051 

35. 

.27583 

.88069 

36 

.27003 

.ssisrr 

87 

.27623 

.38166 

88 

.27643 

.88304 

89 

.27663 

.88343 

.40 

.27683 

.88280 

41 

.27703 

.88319 

42 

.2-/7  23 

.88857 

43 

.27748 

.88896 

44 

.27764 

.88434 

45 

.27784 

.38473 

46 

.27804 

.38513 

47 

.27824 

.88550 

48 

.27844 

.88589 

49 

.27864 

.88638 

60 

.27884 

.88666 

51 

.27906 

.88706 

63 

.37925 

.38744 

68 

.27915 

.88788 

M 

.27966 

.88823 

66 

.37985 

.38860 

66 

.38005 

.38899 

67 

.28036 

.88988 

58 

.fl8M6 

.38977 

68 

.88066 

.89016 

60 

4dO 


TABLE  XXIX.-NATURAL  VERSED  SINES  AND  EXTERNAL  SECANTS. 


f 

440 

46- 

Vers. 

Ex.  sec. 

Vers. 
.29289 

Ex.  sec. 

0 

.28066 

.89016 

.41421 

1 

.28086 

.89055 

.29310 

.41463 

2 

.28106 

.39095 

.29830 

.41504 

8 

.28127 

.39134 

.29351 

.41545 

4 

.28147 

.39173 

.29372 

.41586 

5 

.28167 

.89212 

.29392 

.41627 

6 

.28187 

.89251 

.29418 

.41669 

7 

.28208 

.39291 

.29483 

.41710 

8 

.28228 

.39380 

.29454 

.41752 

9 

.28248 

.39369 

.29475 

.41793 

10 

.28268 

.39409 

.29495 

.41835 

11 

.28289 

.39448 

.29516 

.41876 

12 

.28309 

.39487 

.29587 

.41918 

18 

.28^9 

.39527 

.29557 

.41959 

14 

.28350 

.89566 

.29578 

.42001 

16 

.28870 

.39606 

.29599 

.42042 

16 

.28390 

.39646 

.29619 

.42064 

17 

.28410 

.39685 

.29640 

.42126 

18 

.28431 

.39725 

.29661 

.42168 

19 

.28461 

.89764 

.29681 

.42210 

20 

.28471 

.89804 

.29702 

.42261 

21 

.28492 

.89844 

.29723 

.42298 

22 

.28612 

.89884 

.29748 

.42385 

28 

.28532 

.39924 

.29764 

.42877 

24 

.28553 

.39963 

.29785 

.42419 

26 

.28573 

.40003 

.29805 

.42461 

26 

.28593 

.40043 

.29826 

.42503 

27 

.28614 

.40088 

.29847 

.42545 

28 

.28634 

.40123 

.29868 

.42587 

20 

.28655 

.40163 

.29888 

.42630 

SO 

.28675 

.40203 

.29909 

.42672 

81 

.28695 

.40243 

.29930 

.42714 

82 

.28716 

.40283 

.29951 

.42756 

88 

.28736 

.40324 

.29971 

.42799 

84 

.28757 

.4a364 

.29992 

.42841 

85 

.28rrr 

.40404 

.30013 

.42888 

86 

.28797 

.40444 

.80084 

.42926 

87 

.28818 

.40485 

.30054 

.42968 

88 

.28838 

.40525 

.80075 

.43011 

80 

.28859 

.40565 

.80096 

.43053 

40 

.28879 

.40606 

.30117 

.43096 

41 

.28900 

.40646 

.30138 

.48189 

42 

.28920 

.40687 

.30158 

.48181 

48 

.28941 

.40727 

.30179 

.48224 

44 

.28961 

.40768 

.30200 

.48267 

45 

.28981 

.40608 

.30221 

.43310 

46 

.29002 

.40849 

.30242 

.43352 

47 

.29022 

.40890 

.30263 

.43895 

48 

.29043 

.40930 

.80283 

.43438 

49 

.29063 

.40971 

.30304 

.43481 

50 

.29084 

.41012 

.30325 

.48524 

51 

.29104 

.41053 

.80846 

.43567 

52 

.29125 

.41093 

.80367 

.43610 

68 

.29145 

.41134 

.30388 

.43653 

54 

.29166 

.41175 

.30409 

.43696 

65 

.29187 

.41216 

.30430 

.43739 

66 

.29207 

.41257 

.30451 

.43783 

57 

.29228 

.41298 

.80471 

.43826 

68 

.29248 

.41339 

.30492 

.43869 

69 

.29269 

.41380 

.30513 

.43012 

60 

.29289 

.41421 

.80584 

.48956 

460 


Vers. 


.30534 
.80555 
.80576 
.80597 
.30618 
.80689 
.30660 
.80681 
.80702 
.80728 
.30744 

.80765 
.80786 
.80807 
.80628 
.80849 
.80870 
.80691 
.80912 
.80983 
.80964 

.80975 
.30996 
.31017 
.31088 
.31059 
.31080 
.31101 
.31122 
.31148 
.81165 

.81186 
.31207 
.31228 
.31249 
.31270 
.31291 
.31312 
.31834 
.31355 
.81376 

.81897 

.81418 
.31439 
.81461 
.31482 
.31503 
.81524 
.31545 
.31567 
.31588 

.31609 
.31630 
.31651 
.31673 
.31694 
.31715 
.31736 
.81758 
.31779 
.31800 


Ex.  sec. 


43956 

43999 

44042 

44086 

44129 

44173 

44217 

44260 

44304 

44847  i 

44391 

44435 

44479 

44523  i 

44567 

44610 

44654 

44698 

44742 

44787 

44881 

44875 
44919 
44963 
45007 
45052 
45096 
45141 
45185 
45229 
45274 

45319 
45368 

45408 
45452 
46497 
45542 

45587 
45631 
45676 
45721 

45766 
45811 
45856 
45901 
45946 
45992 
46037 
46082 
46127 
46173 

46218 
46263 
46309 
46354 
46400 
46445 
4&191 
46537 
46582 
46628 


47' 


Vers. 


Ex.  sec. 


81800 
81821 
31843 
31864 
81885 
31907 
31928 
31949 
81971 
31992 
32013 

82085 
32056 
82077 
32099 
32120 
82141 
82168 
82184 
82205 
82227 

82248 
82270 
82291 
32312 
32334 
32355 
32377 
32398 
82420 
32441 

82462 
32484 
32505 
82527 
32548 
82570 
82591 
32613 
32634 
32656 

82677 
32699 
32720 
82742 

82763 
32785 
32806 
32828 
32849 
32871 

82893 
82914 
32936 
32957 
32979 
33001 
33022 
33044 
38065 
33087 


.46628 
.46674 
.46719 
.46765 
.46811 
.46857 
.46903 
.46949 
.46995 
.47041 
.47087 

.47184 
.47180 
.47226 
.47272 
.47819 
.47365 
.47411 
.47458 
.47504 
.47561 

.47508 
.47644 
.47'691 
.47738 
.47784 
.47831 
.47878 
.47925 
.47972 
.48019 

.48066 
.48113 
.48160 
.48207 
.48254 
.48301 
.48349 
.48396 
.48443 
.48491 

.48538 
.48586 
.48633 
.48681 
.48728 
.4877'6 
.48834 
.48871 
.48919 
.48967 

.49015 
.49063 
.49111 
.49159 
.49207 
.49255 
.49303 
.49351 
.49399 
.49448 


481 


TABLS  XXXr-NATinUL  VBBBED  SINBS  AND  EXTERNAL  SEOAITTa. 


4So 

40* 

50* 

»!• 

0 

Venj. 

Elt.  s«c. 
.49448 

Vorg. 

Ez.Bdc. 
.62425 

Vera. 

EZ.MC. 

Vers. 

Ez^sec. 

.88067 

.84894 

.86721 

.66672 

.87068 

.68902 

1 

.83109 

.49496 

.34416 

.52476 

.86744 

.66626 

.87091 

.68989 

1 

2 

.88180 

.49544 

.84488 

.52627 

.86766 

.66680 

.87113 

.69016 

2 

8 

.88152 

.49598 

.84460 

.62679 

.86788 

.66794 

.87186 

.59073 

8 

4 

.88173 

.49641 

.34462 

.52630 

.86810 

.66789 

.»n68 

.69180 

4 

6 

.88195 

.49690 

.34504 

.62681 

.36883 

.06643 

.87181 

.09188 

5 

6 

-.88817 

.49788 

.84526 

.52782 

.86866 

.66897 

.87204 

.69945 

6 

7 

.88288 

.49787 

.84548 

.62764 

.86877 

.66981 

.87826 

.69802 

7 

8 

.88260 

.49885 

.34570 

.62885 

.85900 

.66006 

.87249 

.59800 

8 

9 

.88282 

.49884 

.84592 

.52866 

.85922 

.66060 

.87872 

.69418 

0 

10 

.88803 

.49983 

.84614 

.62938 

.36944 

.60114 

.87894 

.69475 

10 

11 

.83826 

.49961 

.34686 

.62969 

.86907 

.86169 

.87817 

.09688 

11 

\% 

.88347 

.60030 

.34658 

.63041 

.36989 

.66223 

.87840 

.60690 

18 

IS 

.33368 

.50079 

.34660 

.68092 

.86011 

.66278 

.87802 

.69048 

18 

14 

.38890 

.50128 

.34708 

.63144 

.80034 

.56382 

.87865 

.60706 

14 

15 

.33412 

.50177 

.34724 

.53196 

.86066 

.66387 

.87406 

.69704 

16 

16 

.83484 

.50226 

.84746 

.58247 

.86078 

.66442 

.87480 

.69622 

16 

It 

.38455 

.50275 

.84768 

.53299 

.36101 

.66497 

.87468 

.59880 

17 

18 

.88477 

.50324 

.84790 

.53361 

.86123 

.66551 

.87476 

.69988 

18 

19 

.83409 

.50378 

.34812 

.53403 

.36146 

.56606 

.87498 

.69996 

19 

90 

.88520 

.50422 

.84834 

.63455 

.36168 

.66661 

.87821 

.60004 

90 

ti 

.83542 

.50471 

.34856 

.53507 

.36190 

.66716 

.87544 

.60112 

91 

B9 

.a3564 

.50521 

.34878 

.63559 

.86213 

.56771 

.37567 

.60171 

88 

88 

.33586 

.50570 

.84900 

.53611 

.36235 

.56826 

.37569 

.60229 

98 

124 

.33607 

.50619 

.84923 

.63663 

.36258 

.56881 

.37612 

.60287 

94 

25 

.33629 

.50669 

.34945 

.53715 

.36280 

.56937 

.87685 

.60846 

96 

06 

.33651 

.50718 

.84967 

.68768 

.36302 

.56992 

.87658 

.60404 

90 

27 

.83673 

.50767 

.84969 

.63820 

.86825 

.67047 

.37680 

.60463 

97 

28 

.83694 

.50817 

.85011 

.53872 

.86847 

.57103 

.87703 

.60621 

96 

29 

.33716 

.50806 

.86033 

.53924 

.86370 

.57158 

.87726 

.60560 

90 

80 

.38788 

.60916 

.86056 

.53977 

.36392 

.57213 

.87749 

.60089 

80 

81 

.88760 

.60966 

.35077 

.64029 

.36415 

.87269 

.87771 

.00696 

81 

82 

.88782 

.51015 

.35099 

.64062 

.36487 

.67824 

.37794 

.60766 

89 

88 

.83603 

.51065 

.35122 

.64184 

.86460 

.67380 

.37817 

.60616 

88 

84 

.83825 

.61115 

.85144 

.54187 

.36482 

.67436 

.87840 

.60674 

84 

86 

.33847 

.51165 

.85166 

.54240 

.36504 

.57491 

.37862 

.00988 

85 

86 

.83869 

.51215 

.85188 

.54292 

.36527 

.57647 

.37886 

.00992 

80 

H 

.33891 

.61265 

.86210 

.54846 

.36549 

.57608 

.37908 

.01001 

87 

.33912 

.51314 

.35232 

.64398 

.36572 

.57669 

.37981 

.01111 

88 

89 

.83984 

.51864 

.35254 

.54451 

.36594 

.67715 

.37954 

.61170 

80 

40 

.88956 

.51415 

.86277 

.54504 

.36617 

.67771 

.87976 

.01220 

40 

41 

.33978 

.51466 

.35299 

.64657 

.36689 

.67827 

.87999 

.01288 

41 

42 

.34000 

.51515 

.35321 

.54610 

.36602 

.57883 

.88022 

.01348 

49 

48 

.34022 

.51565 

.35343 

.54663 

.36684 

.57939 

.38045 

.6140}- 

48 

44 

.34044 

.51615 

.35365 

.54716 

.36707 

.67996 

.38068 

.61467 

44 

45 

.34065 

.51665 

.85388 

.54769 

.36729 

.58051 

.38091 

.61526 

46 

46 

.34087 

.51716 

.35410 

.54822 

.36762 

.58108 

.38113 

.61586 

40 

47 

.84109 

.51706 

.35432 

.54876 

. 36775 

.58164 

.38186 

.61646 

47 

48 

.84131 

.51817 

.35454 

.54929 

.36797 

.58221 

.38169 

.61705 

46 

49 

.84158 

.51867 

.85476 

.54982 

.36820 

.58277 

.38182 

.61765 

49 

50 

.84175 

.51918 

.85499 

.55036 

.36842 

.58333 

.38205 

.61825 

00 

61 

.84197 

.51968 

.86621 

.55089 

.36865 

.68390 

.38228 

.61685 

61 

52 

.34219 

.52019 

.35543 

.55143 

.36887 

.58447 

.38251 

.61945 

68 

5§ 

.81241 

.52069 

.35565 

.55196 

.36910 

.58503 

.38274 

.62005 

)8 

U 

.34262 

.52120 

.a'iSSS 

.55250 

.36932 

.58560 

.38296 

.62066 

S4 

55 

.34284 

.52171 

.85610 

.5.5303 

.36955 

.58017 

.88319 

.68186 

W 

56 

.34306 

.52222 

.85032 

.55357 

.36978 

.68674 

.38842 

.02186 

% 

.34328 

.52278 

.85654 

.65411 

.87000 

.58731 

.86866 

.09240 

j7 

.84350 

6^23 

.86677 

.55465 

.37028 

.58788 

.88888 

.08800 

M 

89 

.84872 

!62874 

.86699 

.55518 

.87046 

.68846 

.88411 

.09806 

M 

80 

.84894 

.62425 

.86721 

.66672 

.87068 

.66908 

.88484 

.QM87 

00 

4.S!^ 


TABLE  XXIX-NATURAL  VEBSED  gINSS  AND  CrTBRNAL  SECANTS. 


J 

5S^ 

w 

Vers. 

1 
Ex.  sec. 

0 

.86484 

.62427 

1 

.88467 

.62487 

2 

.88460 

.62648 

3 

.88608 

.62600 

4 

.36626 

.62669 

5 

.86640 

.62780 

6 

.88671 

.62791 

7 

.88694 

.62662 

8 

.86617 

.62913 

0 

.88640 

.62974 

10 

.88663 

.68085 

11 

.86666 

.63096 

12 

.88709 

.68167 

18 

.88782 

.68218 

14 

.86766 

.68279 

15 

.88778 

.63811 

16 

.86801 

.63408 

17 

.38824 

.68464 

18 

.88847 

.68526 

19 

.««70 

.68667 

90 

•oooBd 

.63648 

81 

.88016 

.68710 

set 

.88089 

.68778 

28 

.OOiIDa 

.68834 

24 

.88085 

.63895 

26 

.39009 

.68967 

26 

.89082 

.64019 

27 

.39065 

.64081 

98 

.39078 

.64144 

20 

.39101 

.64906 

80 

.39121 

.64268 

81 

.89147 

.64880 

82 

.89170 

.64808 

88 

.891^ 

.64456 

84 

.39816 

.64518 

86 

.39289 

.64680 

88 

.80262 

.64643 

87 

.39286 

.64705 

88 

.39300 

.64768 

80 

.39832 

.64831 

40 

.30865 

.64894 

41 

.39378 

.64957 

42 

.39401 

.65020 

48 

.39484 

.65083 

44 

.39447 

.65146 

46 

.39471 

.65209 

46 

•  Ov4v4 

.65872 

47 

.89517 

.65386 

46 

.89540 

.65399 

40 

.39563 

.65462 

60 

.89666 

.65526 

61 

.89610 

.65589 

6d 

.89688 

.65653 

68 

.89656 

.65717 

64 

.89679 

.65780 

66 

.99702 

.65844 

66 

.89796 

.65908 

67 

.90749 

.65972 

66 

.89778 

.66036 

69 

.89796 

.66100 

00 

.80610 

.66164  1 

i8» 


Vera. 


Ex.  sec. 


.30819 
.89842 

.89888 
.39911 
.89935 
.39958 
.39981 
.40006 
.40028 
.40051 

.40074 
.40096 
.40121 
.40144 
.40168 
.40191 
.40214 
.40937 
.40261 
.40284 

.40307 
.40381 
.40364 

.40378 
.40401 
.40424 
.40448 
.40471 
.40494 
.40518 

.40641 
.40565 
.40588 
.40611 
.40635 
.40668 
.40682 
.40706 
.40728 
.40762 

.40775 
.40799 
.40822 
.40646 
.40869 
.40893 
.40916 
.40939 
.40963 
.40986 

.41010 
.41038 
.41057 
.41080 
.41104 
.41127 
.41151 
.41174 
.41198 
.41221 


.66164 
.66288 
.66292 
.66357 
.66421 
.66486 
.66660 
.66615 
.66670 
.66744 
.66809 

.66673 
.66988 
.67003 
.67068 
.67133 
.67199 
.67264 
.67820 
.67894 
.67460 

.67525 
.67591 
.67666 
.67722 

.67788 
.67853 
.67919 
.67985 
.68051 
.68117 

.66183 
.68860 
.68316 
.68362 
.68449 
.68515 
.68582 
.68648 
.68715 
.68782 

.68848 
.68915 
.68982 
.60049 
.69116 
.69183 
.69250 
.69318 
.69385 
.69452 

.69520 

.69587 
.69655 
.69723 
.69790 
.69858 
.69926 
.69994 
.70062 
.70130 


64» 

Vers. 

Ex.  sec. 

.41221 

.70180 

.41246 

.70198 

.41269 

.70967 

.41292 

.70385 

.41816 

.70403 

.41839 

.70472 

.41863 

.70540 

.41886 

.70609 

.41410 

.70677 

.41433 

.70746 

.41467 

.70815 

.41481 

.70884 

.41604 

.70953 

.41528 

.71082 

.41651 

.71091 

.41675 

.71160 

.41599 

.71289 

.41622 

.71298 

.41646 

.71368 

.41670 

.71487 

.41693 

.71606 

.41717 

.71676 

.41740 

.71646 

.41764 

.71715 

.41788 

.71785 

.41811 

.71855 

.41835 

.71925 

.41859 

.71995 

.41882 

.72065 

.41906 

.72185 

.41930 

.79205 

.41963 

.78275 

.41977 

.72346 

.42001 

.72416 

.42024 

.72487 

.49048 

.72557 

.42072 

.72628 

.42096 

.72698 

.42119 

.72769 

.48143 

.72840 

.48167 

.79911 

.42191 

.72982 

.43214 

.73063 

.48238 

.73121  ' 

.42262 

.78195  1 

.422a5 

.78267 

.42809 

.78838  1 

.42.383 

.78409  ! 

.42357 

.73481 

.42381 

.73552 

.42104 

.73624 

.42128 

.73696 

.42452 

.78768 

.42476 

.73840  1 

.42499 

.7^911 

.42523 

.78983 

.42517 

74056 

.42571 

.74128  1 

.42595 

.74200  1 

.42619 

.74272  1 

Amn 

.74345  1 

Uo 

Vere. 

Ex.  sec. 

.42642 

.74346 

.42866 

.74417 

.42690 

.74400 

.42714 

.74662 

.42738 

.74686 

.42762 

.74708 

.42785 

.74781- 

.42809 

.74864 

.42833 

.74987 

.42857 

.75000 

.42881 

.75073 

.42905 

.76146 

.42929 

.75219 

.42953 

.75993 

.42976 

.75366 

.43000 

.75440 

.48024 

.75618 

.43048 

.75687 

.43072 

.75661 

.48096 

.76784 

.48190 

.75808 

.43144 

.75882 

.43168 

.75956 

.43192 

.76031 

.43216 

.76106 

.48240 

.76179 

.43264 

.76263 

.48287 

.76328 

.48311 

.76402 

.43335 

.76477 

.43359 

.76662 

.48383 

.76696 

.48407 

.76701 

.48481 

.76776 

.43465 

.76861 

.48479 

.76986 

.4&')03 

.77001 

.43527 

.77077 

.48561 

.77152 

.48575 

.77227 

.48599 

.77803 

.43623 

.77878 

.43647 

.77454 

.43671 

.775:30 

.43695 

.77606 

.437"20 

.77681 

.43744 

.77757 

.48768 

.77833 

.48792 

.77910 

.43816 

.77986 

.43810 

.78062 

.48864 

.78188 

.48888 

.78215 

.48918 

.78291 

.43936 

.78868 

.43960 

.78445 

.43984 

.78521 

.44008 

.78598 

.44082 

.78675 

.44057 

.78752 

.44081 

.78899 

488 


TABLE  XXIX.-NATURAL  VERSE©  SINES  AND  EXTERNAL  SECANT& 


a 

68* 

67'' 

68« 

69« 

•  / 

0 

f 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

»— 

Ex.  sec. 

Vers. 

'Ex.  sec. 

0 

.44081 

.78829 

.45536 

.83608 

.47008 

.88708 

!  .48496 

.94160 

1 

.44105 

.78906 

.45560 

.83690 

.47033 

.88796 

;  .48521 

.94264 

1 

2 

.44129 

.78984 

.45585 

.83773 

.47057 

.88884 

1  .48546 

.94349 

2 

3 

.44153 

.79061 

.45609 

.83855 

.47082 

.88972 

.48571 

.94443 

8 

4 

.44177 

.79138 

.45634 

.83938  ! 

.47107 

.89060  > 

.48596 

.94537 

4 

5 

.44201 

.79216 

.45658 

.84020  : 

.47131 

.89148 

.48621 

.94632 

6 

6 

.44225 

.79293 

.45683 

.84103 

.47156 

.89237 

.48646 

.94726 

6 

7 
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.79682 

.45805 
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11 

12 
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.47304 
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12 

13 
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18 

14 
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.45878 

.84768 
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14 

15 
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16 

16 
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.47403 
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16 

17 
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17 

18 
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18 

19 
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.90395 
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ao 
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.47503 
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ao 

21 
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23 
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.96861 
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24 

.44661 
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ft  if044O 

24 

25 
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.85692 
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.46172 
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26 

27 
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27 

28 
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.91207 
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88 

29 
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.47725 

.91297 
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29 

80 

.44806 

.81180 
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.86116 

.47750 

.91388 

.49246 

.97029 

80 

31 
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.86201 

.47/75 

.91479 
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81 

82 
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.81340 

.46319 
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.47800 

.91570 

.49296 

.97224 

82 

83 

.44879 

.81419 

.46344 

.86371 

.47825 

.91661 

.49321 

.97322 

83 

34 

.4490:3 
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.46368 

.86457 

.47849 

.91752 

.49346 

.97420 

84 

35 

.44928 

.81579 

.46393 

.86542 

.47874 

.91844 

.49372 

.97517 

86 

86 
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.81659 

.46417 

.86627 

.47899 

.91935 

.49397 

.97615 

86 

37 

.44976 

.81740 

.46442 

.86713 

.47924 

.92027 

.49422 
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87 

38 
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.86799 

.47949 
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.49447 
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38 

39 
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.81900 
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.86885 

.47974 

.92210 

.49472 

.97910 

89 

40 

.45049 

.81981 

.46516 

.86970 

.47998 

.92302 

.49497 

.98006 

40 

41 

.45073 

.82061 

.46540 

.87056 

.48023 

.92394 

1  .49522 

.98107 

41 

42 

.45098 

.82142 

.46565 

.87142 

.48048 

.92486 

.49547 

.98205 

42 

43 

.45122 

.82222 

.46589 

.87229 

.48073 

.92578 

;  .49572 

.98304 

48 

44 

.45146 

.823ft3 

.46614 

.87315 

;  .48098 

.92670 
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44 

45 
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.82384 

.46639 
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.98502 

46 

46 
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.92855 
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46 

47 
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.46688 
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.92947 
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47 

48 
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.82627 
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48 

49 
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.46737 

.87748 

.48222 

.93133 

.49723 

.98899 

49 

50 

.45292 

.82790 

.46762 

.87834 

.48247 

.93226 

.49748 

.98998 

60 

51 

.45317 

.82871 

.46786 

.87921 

.48272 

.93319 

!  .49773 

.99096 

61 

52 

.45311 

.82953 

.46811 

.88008 

.48297 

.93412 

.49799 

.99196 

62 

53 

.45365 
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.46836 

.88095  ' 
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.49824 

.99296 

68 

54 
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.88183 
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.49^49 
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64 

65 

.4M14 
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.46885 
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65 

56 
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.83280 
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.49899 
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66 

57 
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67 

58 
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.83444 

1  .46959 

.88532 

.48446 

.93973 

.49950 

.99799 

58 

50 

.45512 

.83526 

.469a3 

.88620  ■ 

.48471 

.94066 

.49975 

ooaoQ 

69 

60 

.45536 

.83608 

.47008 

.88708  1 

.48496 

.94160 

.60000 

1.00000 

60 
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9 
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1.57876 

11 
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.56477 

1-39763. 
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13 
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14 
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17 
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1.68960 

17 

18 
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.59805 

1.48789 

.61409 
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18 

19 
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38 
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2^ 

34 

.56791 
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34 

35 
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^ 

36 
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1.81717 
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.60018 
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.61624 
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i^ 

37 
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1.60282 

.61661 
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37 

38 

.56to6 
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.58478 

1.40835 

.60072 

1.50449  1 

.61078 

1.60946 

m 

39 

.96923 

1.82140  i 

.5a504 

1.40988 

.60098 

1.50617  ' 

.61705 

1.61129 

^ 

30 

.56949 

1.82282  1 

.68531 

1.41142  '' 

1 

.60125 

1.60784 

.61783 

1.61813 

ao 

81 

.56975 

1.33^4 

.88557 

1.41396  1 

.60153 

1.50952 

.61759 

1.61486 

31 

m 

.57001 

1.32566  1 

.58584 

1.41450 

.60178 

1.51120 

.61785 

1.61680 

33 

38 

.57028 

1.32708 

.58610 

1.41605 

.60205 

1.51289 

.61812 

1.61864 

33 

34 

.57064 

1.32850 

.68637 

1.41760 

.60232 

1.51457 

,61839 

1.63049 

34 

35 

.57080 

1.32998  1 

.58663 

1.41914 

.60259 

1.51626 

.61866 

1.63984 

35 

86 

.57106 

1.33135  i 

.58690 

1.43070 

.00285 

1.51795 

.61893 

1.63419 

36 

87 

.57133 

1.33278  i 

.58716 

1.42225 

.60312 

1.51965 

.61920 

1.63004 

37 

88 

.57159 

l.a^22 

.58743 

1.42380 

.60a39 

1.52134 

.61947 

1.03790 

98 

89 

.57185 

1.33565 

.68769 

1.42536 

.60365 

1.52304 

.61974 

1.63976 

88 

40 

.57213 

1.33708  , 

.58796 

1.43692 

.60392 

1.62474 

.63001 

1.63163 

40 

41 

.57238 

1.33852  i 

.68822 

1.42848 

.60419 

1.53645 

.63037 

1.68348 

41 

43 

.57264 

1.33996  ! 

.58849 

1.43006 

.60445 

1.62815 

.63064 

1.63985 

43 

43 

.57291 

1.34140  : 

.58875 

1.43162 

.60472 

1.52986 

.63081 

1.68782 

43 

44 

.57317 

1.34284  1 

.58902 

1.4a318 

.60499 

1.53157 

.03108 

1.63909 

44 

45 

.57843 

1.34429 

.58028' 

1.43476 

.60626 

1.5a329 

.63135 

1.64097 

46 

46 

.57869 

1.34573  ■ 

.58955 

1.43033 

.605.')2 

1.53500 

.63163 

1.64385 

46 

47 

.57396 

1.34718  ; 

.58081 

1.43790 

.60579 

1.63672 

.62189 

1.64478 

47 

48 

.57422 

1.34863  , 
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1.43948 

.60606 

1.63845 

.62216 
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48 

49 
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1.85009  , 

.59034 

1.44106 

.60633 

1.54017 

.62243 

1.64861 

49 

50 

.67475 

1.35164 

.69061 

9 

1.44264 

.60659 

1.64190 

.62270 

1.66040 

60 

51 
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1.85300 

.59087 

1.44423 

.60686 

1.54863  ' 

.62897 

1.65329 

61 

52 
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1.85446  1 

.69114 

1.44582 

.60713 

1.54536  . 

.62324 
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52 

53 
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1.35592  1 

.59140 

1.44741 
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1.54709 
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53 

54 
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.62378 
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55 
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.60793 
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66 

57 
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1.45378  ; 
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6T 

58 
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.63485 

1.66668  66 

59 
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1. 45(599 
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eo 

.57788 
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.69326 

1.45859  1 

.60927 
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1 

2 
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2 

3 
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31 

4 
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1.79891 
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4' 

5 
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5! 
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.65962 
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6 
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7 

8 
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8 

9 
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.64408 
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9 

10 

1 
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11 
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.65034 

1.85990 
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.68325 

2.15704 

32 

,  88 
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84 
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.68408 

2.16S31 

85 

36 

.63512 

1.74065 

.65148 

1.86885 

.66784 

2.01059 

.68435 

2.16808 

36 

i  37 

.63589 

1.74269 

.65170 

1.87109 

.66811 

2.01808 

.68463 

2.17085 

87 

;  98 

.63566 

1.74473 

.65197 

1.87834 

.66839 

2.01557 

.68490 

2.17368 

88 

39 

.63594 

1.74677 

.65225 

1.87360 

.66866 

2.01807 

.68518 

2.17641 

89 

1  40 

.63621 

1.74881 

.65252 

1.87785 

.66894 

2.02057 

.68646 

2.17920 

40 

41 

.63648 

1.75086 

.65279 

1.88011 

.66921 

2.03808 

.68578 

2.18199 

41 

I  42 

.63675 

1.75292 

.65806 

1.88288 

.66949 

2.02559 

.68601 

2.18479 

42 

1  43 

.63702 

1.75497 

.i85S84 

1.88465 

.6697-6 

2.02810 

.68628 

2.18769 

48 

;  44 

.68729 

1.75703 

.65861 

1.88692 

.67008 

2.03062 

.68656 

2.19040 

44 

.  45 

.63756 

1.759Q9 

.65888 

1.88920 

.67031 

2.03315 

.68684 

2.19322 

45 

46 

.68783 

1.76116 

.65416 

1.89148 

.67058 

2.08568 

.68711 

2.19604 

46 

47 

.63810 

1.76323 

.65443 

1.89376 

.67086 

2.08821 

.68739 

2.19886 

47- 

48 

.68888 

1.76530 

.65470 

1.89605 

.67113 

2.04075 

.68767 

2.20169 

48 

,  49 

.63865 

1.76737 

.65497 

1.89834 

.67141 

2.04329 

.68794 

2.20463 

49 

50 

.63892 

1.76945 

.65525 

1.90063 

.67168 

2.04564 

0 

.68822 

2.20787 

50 

Isi 

.63919 

1.77154 

.65552 

1.90293 

.67196 

2.04889 

.68849 

2.21021 

51 

|58 

.63946  . 

1.77362 

.65579 

1.90524 

.67223 

2.05094 

.6887r 

2.21306 

62 

53 

.68973 

1.77571 

.65607 

1.90754 

.67251 

2.05350 

.68905 

2.21692 

63 

54 

.64009 

1  77780 

.65634 

1.90986 

.67278 

2.05607 
2.05864 

.68932 

2.21878 

54 

'•55 

.84087 

1.77990 

.63661 

1.91217 

.67306 

.68960 

2.22165 

55 

,  SB 

.64055 

1.78200  1 

.^669 

1.91449 

.67838 

2".  06121 

.68088 

2.22452 

56 

57 

.64083 

1.78410 

.•65716 

1.91681 

.67361 

2.06379 

.69015 

2.22740 

67 

SB 

.64109 

1.78621  : 

.65748 

1.91914 

.67388 

2.06687 

.69043 

2.33028 

58 

99 

.64$36 

1.78882 

.65771 

1 .92147 

.67416 

2.06896 

.60071 

2.33317 

59 

80 

-.64168 

1.79043  1 

.63798      1.92880  i 

.67448     2.07155  II 

.60098 

2.38607    60 

487 


TABLE  XXIX.— NATURAL  VERSED  SINES  AND   EXTERNAL  SECANTa 


/ 
0 

72« 

73« 

74« 

76» 

/ 

Vers. 

Ex.  sec. 

I 

1 
Vers. 

Ex.  sec. 

1 
Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

.69098 

2.23607 

.70763 

2.42030 

.72486 

2.62796  1 

.74118 

2.86370 

0 

1 

.69126 

2.2;B897 

.70791 

2.42356 

.72464 

2.63164  . 

.74146 

2.86790 

X 

2 

.69154 

2.24187 

.70818 

2.42683 

.72492 

2  68533 

.74174 

2.87211 

2 

3 

.69181 

2.24478 

.70846 

2.43010 

.72520 

2.63903 

.74202 

2.87688 

8 

4 

.69209 

2.JW770 

.70874 

2.43a37 

.72548 

2.W274  j 

.74281 

2.88056 

4 

5 

.69237 

2.25062 

.70902 

2.43666 

.72576 

2.64645  > 

.74259 

2.88479 

5 

6 

69264 

2.25355 

.70930 

2.43995 

.72604 

2.65018  1 

.74287 

2.88904 

6 

7 

.69292 

2.25648 

.70958 

2.44324 

.72632 

2.65391  ' 

.74315 

2.89330 

7 

8 

.69320 

2.25942 

.70985 

2.44655 

.72660 

2.65765  i 

.74343 

2.89756 

8 

9 

.69347 

2  26237 

.71013 

2.44986 

.72688 

2.66140  1 

.74371 

2.90184 

9 

10 

.69375 

2.26531 

.71041 

2.45317 

.72716 

2.66515 

.74399 

2.90613 

10 

11 

.69403 

2.26827 

.71069 

2.45650 

.72744 

2.66892 

.74427 

2.91042 

11 

13 

.69430 

2.27123 

.71097 

2.45983 

.72772 

2.67269 

.74456 

2.91473 

12 

13 

.69458 

2.27420 

.71125 

2.46316 

.72800 

2.67647 

.74484 

2.91904 

18 

14 

.69486 

2.27717 

.71153 

2.46651 

.72828 

2.68025 

.74512 

2.92887 

14 

15 

.69514 

2.28015 

.71180 

2.46986 

.72856 

2.68405 

.74540 

2.92770 

15 

10 

.69541 

2.28313 

.71208 

2.47321 

.7^884 

2.68785 

.74568 

2.98204 

16 

17 

.69569 

2.28612 

.71236 

2.47658 

.7^12 

2.69167 

.74596 

2.9364C 

17 

18 

.69597 

2.28912 

.71264 

2.47995 

.72940 

2.69549 

.74624 

2.94076 

18 

19 

.69624 

2.29212 

.71292 

2.48333 

.72968 

2.69931 

.74652 

2.94514 

19 

20 

.69652 

2.29512 

.71320 

2.48671 

.72996 

2.70815 

.74680 

2.94952 

20 

21 

.69680 

2.29814 

.71348 

2.49010 

.73024 

2.70700 

.74709 

2:938»2 

21 

22 

.69708 

2.30115 

.71375 

2.49350 

.78052 

2.71085 

.74737 

2.95832 

22 

23 

.69735 

2.30418 

.71403 

2.49691 

.73080 

2.71471 

.74765 

2.96274 

28 

24 

.6mm 

2.30?21 

.71431 

2.50032 

.73108 

2.71858  ' 

.747'93 

2.96716 

24 

25 

.69791 

2.31024 

.71459 

2.50374 

.73136 

2.72246 

.74821 

2.97160 

25 

26 

.69818 

2.31328 

.71487 

2.50716 

.73164 

2.72635 

.74849 

2.97604 

26 

27 

.69846 

2.31633 

.71515 

2.51060 

.73192 

2.73024  , 

.74878 

2.98050 

27 

28 

.69874 

2.31939 

.71543 

2.51404 

.73220 

2.73414  : 

.74906 

2.98497 

28 

29 

.69902 

2  32244 

.71571 

2.51748 

.73248 

2.73806 

,74934 

2.98944 

29 

30 

.69929 

2.32551 

.71598 

2.52094 

.73276 

2.74198 

.74962 

2.99898 

30 

31 

.69957 

2.32858 

.71626 

2.52440 

.73304 

2.74591 

.74990 

2.99648 

81 

32 

.69985 

2.33166 

.716^4 

2.52787 

.73332 

2.74964 

.75018 

8.00298 

32 

33 

.70013 

2. 3*474 

.71682 

2.58134 

.73360 

2.75879 

.75047 

3.00746 

88 

34 

.70040 

2.33783 

.71710 

2.5.3482 

.73388 

2.75775 

.75075 

3.01198 

84 

35 

.70068 

2.34092 

.71738 

2.53831 

.73416 

2.76171 

.75103 

8.01652 

86 

38 

.70096 

2.34403 

.71766 

2.54181 

.73444 

2.76568 

.75131 

3.02107 

36 

37 

.70124 

2.34713 

.71794 

2.54531 

.73472 

2.76966 

.75159 

3.02568 

87 

38 

.70151 

2.35025 

.71822 

2.54883 

.73500 

2.77365 

.75187 

8.03020 

88 

39 

.70179 

2.35336 

.71850 

2.55235 

.73529 

2.77765 

.75216 

3.03479 

89 

40 

.70207 

2.35649 

.71877 

2.55587 

.73557 

2.78166 

.75244 

3.03988 

40 

41 

.70235 

2.35962 

.71905 

2.55940 

.73585 

2.78568 

.75272 

8.04898 

41 

42 

.70203 

2.36276 

.71933 

2.562^ 

.73613 

2.78970 

.75300 

3.04860 

42 

4.3 

.70290 

2.36590 

.71961 

2.56^49 

.73641 

2.79374 

.75328 

3.06322 

48 

44 

.70318 

2.36905 

.71989 

2.57005 

.73669 

2.79778 

.75356 

8.05786 

44 

45 

.70346 

2.37221 

.72017 

2.57361 

.7mj7 

2.80183 

.75385 

8.06251 

45 

46 

.70374 

2.37587 

.72045 

2.57n8 

.73725 

2.80589 

.75413 

8.06717 

46 

47 

.70401 

2.37854 

.72073 

2.58076 

.73753 

2.80996 

.75441 

8.07184 

47 

48 

.70429 

2.38171 

.72101 

2.58434 

.73781 

2.81404 

.75469 

8.07652 

48 

49 

.70457 

2.38489 

.72129 

2.58794 

.73809 

2.81813 

.75497 

8.08121 

49 

50 

.70485 

2.38806 

.72157 

2.59154 

.73837 

2.82223 

.75526 

8.06591 

60 

51 

.70513 

2.39128 

.72185 

2.59514 

.73865 

2.82683 

.75554 

3.09068 

51 

52 

.70540 

2.39448 

.72213 

2.59876 

.73893 

2.8:3045 

.75582 

3.09535 

58 

53 

.70568 

2.39768 

.72241 

2.002:38 

.73921 

2.8:i457 

.75610 

3.10009  581 

54 

.70.-^96 

2.40089 

.72209 

2.60001 

1  .73950 

2.83871 

.75689 

8.10484 

54 

55 

.70624 

2.40411 

.72296 

2.60905 

,  .73978 

2.^1285 

.76667 

8.10960 

66 

56 

.70652 

2.407»4 

.72324 

2.61330 

'  .74000 

2.84700 

.75695 

8.11487 

66 

57 

.70679 

2.41057 

.72352 

2.61695  I 

,  .74034 

2.85116 

.75723 

8.11015  671 

58 

.70707 

2.41381 

.72380 

2.620(51 

.7406^ 

2.85633 

.76751 

8.128M 

66 

69 

.70735 

2.41705 

.72408 

2.62428 

.740») 

2.a5951 

.76780 

8.12875 

50 

60 

.70763 

2.42030 

.72436 

2.02790 

.74118 

2.86370 

.75806 

8.18867 

00 

dHX 


!i 


TABLB  XXDt.— KAirURAL  V£B&Bt>  SIKISS  ANI>  STPSBNAL  SECAKT& 


"o 

80^ 

81« 

820 

88« 

0 

Vers. 

Ex.  sec. 

Vera. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  see. 

.82635 

4.75877 

.84857 

6.391^ 

.86083 

6.18580 

.87813 

7.20ftl 

1 

.89664 

4.76829 

.84385 

5.40422 

.86112 

6.20020 

.87842 

7.22500 

1 

2 

.82692 

4.VV784 

.84414 

6.41602 

.86140 

6.21517 

.87871 

7.24467 

2 

8 

.82721 

4.78742 

.84443 

5.42787 

.86169 

6.23019   , 

.87900 

7.26425 

8 

4 

.82750 

4.79708 

.84471 

5.48977 

.86198 

6.24529 

.87929 

7.28403 

4 

5 

.82778 

4.80667 

.84500 

5.45171 

.86227 

6.26044 

.87957 

7.8t868 

5 

6 

.82807 

4.81635 

..84529 

5.46369 

.86256 

6.27566 

.87966 

7.32884 

6 

7 

.82836 

4.82606 

.84558 

6.47572 

i  .86284 

6.29095 

.88015 

7.34890 

7 

'  8 

.82864 

4.83581 

.84586 

5.48779 

.86813 

6.80630 

.88044 

7.86406 

8 

9 

.82893 

4.84558 

.84615 

5.49991 

i  .86342 

6.82171 

.88073 

7.38431 

9 

10 

.82922 

4.85539 

.84644 

6.51208 

.86371 

6.38719  i 

.88102 

7.4M66 

10 

U 

.82950 

4.865^ 

.84673 

6.52429 

.86400 

6.85274 

.88181 

7.40511 

11 

12 

.82979 

4.87511 

.84701 

5.53655 

.86428 

6.86885 

.88160 

7.445«6 

12 

13 

.83008 

4.88502 

.W730 

5.54886 

.86457 

6.88408 

.88188 

7.46633 

13 

14 

.83036 

4.89497 

.84759 

6.56121 

.86486 

6.39978 

.88217 

7.48707 

14 

15 

.83065 

4.90495 

.84788 

5.57861 

.86515 

6.41560 

.88246 

7.S0798 

15 

la 

.83094 

4.91496 

.84816 

6.58606 

.86544 

6.43148  I 

.88275 

7.52889 

16 

n 

;  .83122 

4.92501 

.84845 

5.59656 

.86573 

6.44743 

.Bean 

7.54996 

17 

18 

.88151 

4.93509 

.84874 

6.61110 

.86601 

6.46346 

.88333 

7.57113 

18 

Id 

.83180 

4.94521 

.84908 

6.62869 

.86630 

6.47955  ' 

.88362 

7.59241 

19 

20 

.83906 

4.95536 

.84931 

6.63633 

.86659 

6.49571 

.88391 

7.61879 

29 

21 

.88237 

4.96555 

.84960 

5.64902 

.86688 

6.51194 

.88^0 

7.63S28 

21 

22 

.tSiCiSOo 

4.97577 

.84969 

5.66176 

.86717 

6.52825 

.m^ 

7.66688 

& 

23 

.83294 

4.98603 

.85018 

5.67454 

.86746 

6.54462 

.88477 

7.67859 

28 

24 

.833^ 

4.99633 

.85046 

6.68738 

.86774 

6.56107 

,88506 

7.70041 

24 

25 

.83352 

6.00666 

.85075 

6.70027 

.86808 

6.57759 

.88535 

7.79234 

25 

26 

.83380 

5.01W3 

.85104 

6.71821 

.86882 

6.59418 

.88564 

7.74438 

26 

27 

.mm 

6.02748 

.85133 

6.72620 

.86861 

6.61G85 

.88598 

7.76653 

27 

2S 

,934SS 

5.03787 

.85162 

5.739JH 

.86890 

6.62759 

.88622 

7.78880 

26 

2a 

.83467 

5.04834 

.85190 

6.V5238 

.86919 

6.64441 

.88651 

7.81118 

29 

80 

.83495 

5.05886 

.85219      J. 76547  | 

.86947 

6.66130 

.88680 

7.88867 

89 

31 

.83524 

6.06941 

.851^ 

5.77866 

.86976 

6.67826 

.88709 

7.85628 

31 

82 

.83553 

5.08000 

.85277 

5.T9191 

.87005 

6.69530 

.88787 

7.87901 

82 

33 

.83581 

5.09062 

.85305 

6.80521 

.87084 

6.71242 

.88766 

7.90186 

38 

M 

.83610 

5.10129 

.85334 

6.81856 

.87063 

6.72962 

.88795 

7.9^82 

81 

35 

.83639 

5.11199 

.85363 

6.83196 

.87092 

6.74689 

.88824 

7. 94791 

95 

36 

.83667 

6.12273 

.85392 

6.84542 

.87120 

6.7»424 

.86858 

7.97111 

86 

37 

.83696 

6.13350 

.85420 

6,85893 

.87149 

6.78167 

.88882 

7.99444 

87 

38 

.83725 

6.14432 

.85449 

5.87250 

.87178 

6.79918 

.88911 

8.01788 

86 

39 

.83754 

6.15517 

.85478 

6.88612 

.87207 

6.81677 

.88940 

8.04146 

39 

40 

.88782 

6.16607 

.85507 

5.89979 

.87286 

6.88448 

.88969 

8.06515 

40 

41 

.83811 

S.irTOO 

.85536 

6.91352 

.87265 

6.85218 

.88998 

8.08897 

41 

42 

,83840 

5.18797 

.85564 

5.92731 

.87294 

6.87001 

.89027 

8.11292 

42 

43 

.83868 

5.19696 

.^593 

5.94115 

.87322 

6.88792 

.89055 

8.13699 

48 

44 

:  .83897 

5.21004 

.85622 

5.95505 

.87351 

6.90592 

.89064 

8.16120 

44 

45 

.83926 

5.22113 

.85651 

5.96900 

.87880 

6.92400 

.89118 

8.18558 

45 

46    .83951 

5.28226 

.85680 

6.98801 

.87409 

6.94216 

.89142 

6.20999 

46 

4T    .83983 

5.24343 

.86708 

5.99708 

.87438 

6.96040 

.89171 

8.28459    47 

48    .81012 

5.25464 

.85737 

6.01120 

.87467 

6.97878 

.89200 

8.25981    48 

49    .84011 

6.26590 

.85766 

6.02538 

.87496 

6.99714 

.89229 

8.28417 

49 

50    .84069 

5.2'7719 

.85796 

6.08962 

.87524 

7.01565 

.89258 

8.80917 

50 

51 

:  .84098 

5.28853 

.85823 

6.0S3S2 

.87553 

7.08423 

.89987 

8.38480 

51 

52 

.84127 

5.29991 

.85852 

6.06828 

.87582 

7.05291 

.89316 

8.85957 

SB 

53 

^  .84155 

5.31135 

.85881 

6.08269 

.87611 

7.07167 

.89845 

8.88497 

59 

54 

.84184 

5.82279 

.85910 

6.09717 

.87640 

7.09052 

.89874 

8.41068 

54 

55 

.84213 

5.8S429 

.85939 

6.11171 

.87669 

7.10M6 

.89408 

8.48620 

56 

56 

.84242 

5.34584 

.85967 

6.12680 

.87896 

7.12849  , 

.89431 

8.46203 

56 

57 

.84270 

5.35743 

.85996 

6.14096 

,87726 

7.14760 

.8^60 

8.46800 

57 

58 

.84299 

5.36906 

.86D9S 

6.15568 

.87755 

7.16681  : 

.89489 

8.51411 

58 

50 

.84328 

5.38073 

.86054 

6.17046 

.87784 

7.18612 

.89518 

8.54087   i 

B» 

60 

.84357     5.39245  1 

.86083     6.18530  1 

.87813     7.20561  U 

.89647 

8.56677  m\ 

4UU 


*ABLE   2DaX--NATUXtAL  VBHOIID  SINEB  AND  SXTEBNAL  S£CAin?& 


M 

84* 

86« 

86« 

/ 
0 

W 

VttW, 

EZ.MC. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  see. 

0 

*  .80647 

8.66677 

.01884 

10.478n 

.98094 

13.88669 

1 

.80676 

8.60689 

.01818 

10.51100 

.08068 

13.89547 

1 

9 

.80605 

8.68008 

.01849 

10.66069 

.08069 

13.46686 

9 

d 

.80684 

8.64687 

.01871 

10.68089 

.06111 

13.51676 

8 

4 

.80668 

8.67887 

.01400 

10.69687 

.08140 

13.57817 

4 

0 

.80603 

8.70108 

.01480 

10.66?60 

.08100 

13.64011 

6 

6 

.80791 

8.79888 

.01468 

10.70788 

.08106 

13.70958 

6 

7 

.80760 

8.78670 

.01487 

10.74714 

.98997 

13.76568 

7 

8 

.80770 

8.78841 

.01616 

10.78797 

.98967 

13.89918 

8 

9 

•  BWKIO 

8.81110 

.91546 

10.89768 

.98986 

13.80398 

9 

10 

.80686 

8.83019 

.01574 

lC.d6687 

.08815 

13.05788 

10 

11 

.80866 

8.86789 

.01608 

10.00984 

.08844 

14.09810 

11 

Ifi 

(UWJVv 

8.60647 

.01689 

10.05060 

.08878 

14.06890 

19 

18 

.80088 

8.08880 

.01661 

10.99914 

.03409 

14.15597 

13 

14 

.80089 

8.06848 

.91690 

11.08807 

.93431 

14.92998 

14 

16 

.80081 

8.08188 

.91719 

11.07610 

.98460 

14.28070 

15 

16 

.00010 

9.01015 

.91748 

11.11869 

.98489 

14.85705 

16 

17 

.00060 

9.06983 

.91777 

11.16195 

.98618 

14.49679 

17 

18 

.00068 

9.06840 

.91806 

11.90497 

.98647 

14.49611 

18 

10 

.00007 

9.00709 

.91886 

11.84761 

.98676 

14.56614 

19 

00 

.00186 

9.19789 

.91864 

11.99195 

.98605 

14.636'i'0 

90 

81 

.00166 

9.15780 

.91898 

11.88591 

.98684 

14.70810 

91 

88 

.00184 

9.18785 

.91009 

11.87948 

.93663 

14.78005 

99 

88 

.90813 

9.91789 

.01061 

11.42408 

.93692 

14.86968 

98 

84 

.00049 

9.94770 

.01060 

11.46900 

.98721 

14.99507 

94 

86 

.00971 

9.97819 

.09000 

11.51494 

.98750 

14.09995 

95 

86 

.00800 

9.80887 

.09088 

11.65969 

.98779 

15.07482 

96 

87 

.00899 

9.88078 

.09067 

11.60572 

.08806 

15.14999 

97 

88 

.00658 

9.87077 

.08006 

11.66107 

.98887 

15.29607 

98 

88 

.90886 

9.40801 

.99195 

11.60656 

.98866 

15.80887 

90 

80 

.00415 

9.48843 

.99154 

11.74550 

.98895 

15.88041 

80 

81 

.90444 

9.46606 

.09183 

11.79278 

.98984 

15.46869 

81 

88 

.00478 

9.40685 

.09919 

11.84049 

.98053 

15.68772 

89 

88 

.00600 

9.69886 

.09941 

11.88841 

.08089 

15.81761 

88 

84 

.00681 

0.66106 

.09970 

11.98677 

.94011 

15.60606 

84 

86 

.00660 

9.60846 

.09900 

11.98549 

.94040 

15.77044 

86 

86 

.90680 

9.69005 

.09898 

12.08458 

.94069 

15.86160 

86 

87 

.90618 

9.65885 

.09867 

12.08040 

■  v^vVO 

15.04456 

37 

88 

.00647 

9.60186 

.99886 

12.18388 

.04127 

16.09885 

88 

88 

.90676 

9.78507 

.99415 

12.18411 

.94156 

16.11907 

80 

40 

.90705 

9.;^849 

12.98472 

.94186 

16.19843 

40 

41 

.00734 

9.79919 

.99473 

12.98572 

.94915 

16.98476 

41 

48 

.90768 

9.89506 

.99309 

12.83712 

.91244 

16.87196 

49 

48 

.90700 

9.86001 

.99581 

12.88891 

.94973 

16.46005 

48 

44 

.90891 

9.89i98 

.99660 

12.44112 

.04802 

16.54903 

44 

46 

.90650 

9.09877 

.99589 

12.40373 

.94381 

16.68893 

45 

46 

.90879 

9.06848 

.99618 

12.54676 

.04860 

16.72975 

46 

47 

kVOoCIO 

9.99641 

.09647 

12.60081 

.04889 

16.89152 

47 

46 

.90037 

10.08386 

.09676 

12.66408 

.94418 

16.91424 

48 

48 

.90066 

10.06894 

.99705 

12.70838 

.04447 

17.00704 

40 

60 

.00006 

10.10466 

.09784 

12.78312 

.94476 

17.10262 

60 

61 

.01094 

10.14080 

.09763 

12.61899 

.94505 

17.19880 

51 

68 

.91058 

10.17646 

.99792 

12.87891 

.94584 

17.29601 

59 

68 

.01069 

10.91877 

.99891 

12.99999 

.94503 

17.89274 

58 

64 

.01111 

10.94089 

.99860 

12.98651 

.9>1592 

17.40153 

54 

66 

.01140 

10.96610 

.92879 

13  04850 

.94021 

17.60180 

66 

66 

.01160 

10.89813 

.09008 

18.10096 

.946I30 

17.60983 

66 

67 

.01197 

10.86040 

.99037 

13.15889 

.94679 

17.79488 

67 

66 

.01286 

10.80709 

.09966 

13.21780 

.94708 

17.89766 

68 

88 

.01966 

10.48660 

.99905 

13,97820 

.94787 

18.00166 

60 

60 

.01884 

10,47871 

.98094 

13.88559 

.94766 

18.10789 

60 

vlOl 


TABLH  XXDL— NATUBAL  VEBSED  SINES  AND  EXTERNAL  SECANT& 


■y 

870 

Vera. 

Ex.  sec. 

0 

.94766 

18.10732 

1 

.94795 

18.21397 

2 

.94825 

18.82182 

3 

.94854 

18.43088 

4 

.94883 

18.54119 

5 

.94912 

18.65275 

6 

.94941 

18.76560 

7 

.94970 

18.87976 

8 

.94999 

18.99524 

9 

.95028 

19.11208 

10 

.95057 

19.28028 

11 

.95086 

19.34989 

12 

.95115 

19.47093 

13 

.95144 

19.59841 

14 

.95173 

19.71787 

15 

.95202 

19.84283 

16 

.95231 

19.96982 

17 

.95260 

20.09838 

18 

.95289 

20.22852 

19 

.95318 

20.36027 

20 

.95347 

20.49368 

21 

.95377 

20.62876 

22 

.95406 

20.76555 

23 

.95435 

20.90409 

24 

.95464 

21.04440 

25 

.95493 

21.18653 

26 

.95522 

21.38060 

27 

.95551 

21.47635 

28 

.95580 

21.62413 

.29 

.95609 

21.77386 

80 

.95638 

21.92559 

81 

.95667 

22.07985 

82 

.95696 

22.23620 

83 

.95725 

22.89816 

84 

.95754 

22.55829 

85 

.95783 

22.71663 

86 

.95812 

22.880123 

87 

.95842 

23.04712 

88 

.95871 

23.21687 

89 

.95900 

23.38802 

40 

.95929 

23.66212 

41 

.95958 

23.78873 

42 

.95987 

23.91790 

43 

.96016 

24.09969 

44 

.96045 

24.28414 

45 

.96074 

24.47184 

46 

.96103 

24.66182 

47 

.96132 

24.85417 

48 

.96161 

25.04994 

49 

.96190 

25.24869 

50 

.96219 

25.45051 

61 

.96248 

25.65546 

52 

.96277 

25.86860 

53 

.96307 

26.07603 

54 

.96336 

26.28961 

65 

.96365 

26.50604 

56 

.96394 

26.72978 

57 

.96423 

26.95513 

58 

.96452 

27.18417 

59 

.96481 

27.41TO0 

60 

.96510 

27.65871 

88« 

Vera. 

Ex.  sec. 

.96510 

27.66871 

.96539 

27.89440 

.96668 

28.13917 

.96697 

28.38812 

.96626 

28.64187 

.96656 

28.89908 

.96684 

29.16120 

.96714 

29.42802 

.96743 

29.69960 

.96772 

29.97607 

.96801 

80.25758 

.96880 

30.64425 

.96859 

30.83628 

.96888 

31.13366 

.96917 

31.48671 

.96946 

81.74564 

.96975 

82.06090 

.97004 

82.38118 

.97083 

32.70685 

.97062 

33.04199 

.97092 

33.88282 

.97121 

38.72962 

.97150 

84.06880 

.97179 

84.44589 

.97208 

34.81462 

.97237 

35.19141 

.97266 

35.57688 

.97295 

85.96963 

.97324 

36.37127 

.97353 

36.78186 

.97882 

87.20156 

.97411 

37.68068 

.97440 

38.06967 

.97470 

88.51865 

.97499 

88.97797 

.97528 

89.44820 

.97557 

89.92963 

.97586 

40.42266 

.97615 

40.92772 

.97644 

41.44525 

.97678 

41.97571 

.97702 

42.51961 

.97781 

43.07746 

.97760 

43.64960 

.97789 

44.23720 

.97819 

44.84026 

.97848 

45.46963 

.97877 

46.09596 

.97906 

46.74997 

.97985 

47.42241 

.97964 

48.11406 

.97998 

48.82576 

.98022 

49.55840 

.98051 

50.31290 

.98060 

51.09027 

.96109 

51.89156 

.98138 

52.71T90 

.98168 

53.57046 

.96197 

54.46068 

.98226 

65.35M6 

.98256 

66.20869 

89<» 

M 

Vera. 

Ex.  sec. 

w 

.98255 

56.29669  ' 

0 

.98884 

67.26976 

1 

.98818 

68.27481 

2 

.96842 

69.81411 

8 

.98871 

60.89106 

4 

.96400 

61.60716 

6 

.96429 

62.66460 

6 

.96458 

63.86572 

7 

.  .98487 

65.11804 

8 

.98617 

66.40927 

9 

.96646 

67.75736 

10 

.96675 

69.16047 

11 

.96604 

70.62286 

12 

.98688 

72.14668 

18 

.98662 

78.78686 

14 

.98691 

76.80666 

15 

.98720 

77.13274 

16 

.98749 

78.94966 

17 

.96778 

80.86816 

18 

.98807 

82.84947 

19 

.96886 

84.94661 

20 

.  .98866 

87.14924 

21 

.tfoooO 

89.46686 

22 

.96924 

91.91867 

28 

.96953 

94.49471 

91 

.98982 

97.22808 

25 

.99011 

100.1119 

26 

.99040 

108.1767 

27 

.99069 

106.4811 

28 

.  tlUUvC) 

109.8966 

20 

.99127 

118.6080 

80 

.99166 

117.5444 

81 

.99186 

121.7780 

82 

.99216 

126.8258 

88 

.99244 

181.2228 

84 

.99278 

186.5111 

86 

.99802 

142.2406 

86 

.99881 

148.4664 

87 

.99860 

156.2628 

88 

.99889 

162.7088 

88 

.99418 

170.8888 

40 

.99447 

170.9860 

41 

.99476 

180.9668 

42 

.99605 

201.2212 

48 

.99686 

218.6600 

44 

.99664 

226.1889 

46 

.99698 

244.6640 

46 

.99622 

268.4427 

47 

.99661 

286.4706 

48 

.99680 

811.6280 

49 

.99709 

842.77S2 

60 

.99788 

880.9728 

51 

.99767 

428.7187 

62 

.99796 

490.1070 

68 

.99825 

671.9681 

64 

.99655 

686.6496 

66 

.99684 

856.4860 

66 

.99918 

1144.016 

07 

'  .99942 

1717.874 

68 

.wm 

8486.747 

60 

1.00000 

iDflnite 

60 

4U2S 


'1  ABLE  XXX. 

-CUBIC  YARDS  PEK 

100  VEXV,     BLOFES  yi  :   1. 

Depth 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

d 

12 

14 

16 

18 

22 

24 

26 

28 

1 

45 

53 

60  ' 

68 

1   82 

90 

97 

105 

2 

93 

107 

122 

187 

i   167 

181 

196 

211 

8 

142 

163 

186 

206 

253 

275 

297 

819 

4 

198 

222 

252 

281 

341 

870 

400 

430 

5 

245 

282 

319 

356 

431 

468 

505 

542 

6 

300 

844 

389 

433 

622 

567 

6tl 

656 

7 

366 

406 

460 

612 

616 

668 

719. 

m 

8 

415 

474 

633 

593 

711 

770 

830 

869 

0 

476 

542 

606 

675 

806 

875 

942 

1008 

10 

687 

611 

685 

769 

907 

981 

1056 

1130 

11 

601 

682 

764 

846 

1006 

1090 

1171 

1253 

12 

667 

756 

844 

933 

nil 

1200 

1289 

1878 

18 

734 

831 

926 

1023 

1216 

1312 

1406 

1505 

14 

804 

907 

1010 

1115 

1322 

1426 

1530 

1688 

16 

875 

986 

1096 

1206 

1431 

1542 

1653 

1764 

16 

948 

1067 

1184 

1304 

1641 

1669 

1778 

1896 

17 

1023 

1149 

1274 

1401 

1668 

1779 

1905 

2081 

18 

1100 

1233 

1366 

1500 

1767 

1900 

2033 

2167 

19 

1179 

1319 

1460 

1601 

1882 

2028 

2164 

2806 

20 

1269 

1407 

1655 

1704 

2000 

2148 

2296 

2444 

21 

1842 

1497 

1653 

1606 

2119 

2276 

2431 

2686 

22 

1426 

1589 

1762 

1915 

2241 

2404 

2567 

2730 

28 

1512 

1683 

1858 

2023 

2364 

2684 

2706 

2876 

24 

1600 

1778 

1955 

2138 

2489 

2667 

2841 

8022 

25 

1690 

1875 

2060 

2245 

2616 

2801 

2986 

8171 

*26 

1781 

1974 

2166 

2359 

2744 

2937 

3130 

8822 

27 

1875 

2075 

2274 

2475 

2875 

3075 

3275 

3475 

28 

1970 

2178 

2384 

2593 

8007 

3215 

3422 

8630 

29 

2068 

2282 

2496 

2712 

3142 

8356 

8571 

8786 

80 

2167 

2389 

2610 

2833 

8278 

3500 

8722 

8944 

81 

2268 

2497 

2726 

2956 

8416 

8G45 

3875 

4106 

32 

2870 

2607 

2844 

8061 

8566 

8793 

4030 

4267 

33 

2475 

2719 

2964 

8206 

8697 

8942 

4186 

4431 

34 

2581 

2833 

8085 

8337 

3841 

4093 

4344 

4696 

85 

2690 

2949 

8206 

8468 

3966 

4245 

4505 

4764 

86 

2800 

3067 

8883 

3600 

4133 

4400 

4667 

4983 

87 

2912 

3186 

8460 

3734 

4282 

4556 

4831 

6105 

88 

3026 

3307 

3689 

8870 

4433 

4715 

4996 

6278 

'       89 

3142 

3431 

8719 

4008 

4586 

4875 

6164 

6453 

40 

3259 

3556 

8862 

4148 

4741 

6037 

6888 

6630 

41 

8379 

3682 

3986 

4290 

4897 

6201 

6506 

6P06 

42 

8500 

^11 

4122 

4433 

5056 

6367 

6678 

6989 

43 

3623 

3942 

4260 

4679 

5216 

6634 

6853 

6171 

44 

3748 

4074 

4400 

4726 

6378 

6704 

6030 

6866 

45 

8875 

4206 

4541 

4875 

6642 

6876 

6206 

6642 

46 

4004 

4344 

4684 

•  6026 

5707 

6048 

6389 

6780 

47 

4134 

4482 

4830 

6179 

6875 

6223  1 

6571 

6919 

48 

4267 

4622 

4978 

5383 

6044 

6400  i 

6756 

7111 

40 

4401 

4764 

6127 

5490 

6216 

6679 

6949 

7806 

fiO 

4537 

4907 

6878 

6648 

6389 

6769 

7130 

7600 

61 

4675 

5053 

6480 

6806 

6564 

6942 

7319 

7607 

68 

4815 

5200 

6684 

5970 

6741 

7126 

7511 

7896 

68 

4966 

5349 

5741 

6134 

6919 

7812 

7705 

8097 

64 

5100 

5500 

6900 

6300 

7100 

7600 

7900 

8800 

66 

5245 

5653 

6060 

6468 

7282 

7690 

8097 

8605 

66 

5393 

5807 

6222 

6637 

7467 

7881 

8296 

8711 

67 

6542 

5964 

6386 

6808 

7658 

8075 

8497 

8919 

58 

5693 

6122 

6662 

6961 

7841 

8270 

8700 

9180 

b^ 

5845 

6282 

6719 

7166 

8081 

8468 

8905 

9842 

60 

6000 

6444 

6889 

7883 

8222 

8667 

9111 

0S66 

493 


TABLE  ZZX.--CUBIC  YARDS  PER  100  FEET.     SLOPES  H :  1. 


Depth 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

/ 
Baae 

d 

12 

14 

16 

18 

22 

24 

26 

28 

1 

46 

54 

61 

69 

83 

91 

98 

106 

2 

96 

111 

126 

141 

170 

185 

200 

819 

8 

150 

172 

194 

217 

261 

283 

306 

888  . 

4 

207 

237 

267 

296 

356 

386 

415 

444 

5 

269 

306 

343 

380 

•  454 

491 

628 

566 

6 

888 

378 

422 

467 

556 

600 

644 

680 

7   . 

408 

464  ' 

506 

557 

.661 

713 

765 

817 

8 

474 

533 

598 

652 

•770 

'  880 

889 

048 

0 

550 

617 

683 

750 

883 

950 

1017 

1063 

10 

680 

704 

778 

852 

1000, 

1074 

1148 

1828 

11 

718 

794 

876 

957 

1120 

1208 

1283 

1865 

IS 

800 

689 

978 

1067 

1244 

1338 

1422 

1511 

18 

891 

987 

1063 

1180 

1372 

1469 

1565 

1661 

14 

986 

1069 

1193 

1896 

1604 

1607 

1711 

1815 

16 

1083 

1194 

1806 

1417 

1689 

1750 

1861 

1078 

16 

1186 

1804 

1428 

1541 

1779 

1896 

8015 

8188 

17 

1891 

1417 

1543 

1669 

1920 

8046 

8172 

8396 

18 

1400 

1533 

1667 

1800 

8067 

8800 

8833 

8467 

19 

1513 

1654 

1794 

1935 

8817 

8857 

8496 

8639 

SO 

1630 

1778 

1926 

8074 

8870 

8519 

8667 

8815 

81 

1750 

1906 

8061 

8817 

8628 

8683 

8889 

8004 

22  ' 

1874 

8037 

8800 

8863 

8689 

8868 

8015 

8178 

88 

8008 

8178 

8843 

8613 

8654 

8084 

8194 

8865 

84 

8133 

8811 

8489 

8667 

8028 

8800 

8878 

8556 

85 

8869 

8454 

8639 

2624 

8194 

8880 

8565 

8760 

86 

8407 

8600 

2793 

8985 

8870 

85C8 

8756 

8040 

87 

8650 

8760 

8950 

8150 

8650 

8750 

8950 

4161 

86 

8696 

8904 

8111 

8819 

8733 

8941 

4148 

4866 

30 

8646 

8061 

8876 

8491 

8920 

4185 

4860 

4665 

80 

8000 

8823 

8444 

8667 

4111 

4888 

4656 

4778 

81 

8157 

8887 

8617 

8846 

4806 

4686 

4765 

4004 

88 

8319 

8556 

8793 

4030 

4604 

4741 

4078 

6815 

88 

8483 

8728 

8072 

4817 

4706 

4050 

6104 

6480 

84 

8658 

8904 

4156 

4407 

4911 

6168 

6415 

5067 

85 

8824 

4083 

4843 

4602 

6120 

6880 

8680 

5606 

86 

4000 

4867 

4633 

4600 

6838 

6600 

S867 

6188 

87 

4180 

4454 

4728 

6002 

5650 

6624 

6098 

6878 

88 

4363 

4644 

4926 

6807 

6770 

6052 

6888 

6015 

80 

4550 

4839 

5128 

6417 

6994 

6863 

6672 

6861 

40 

4741 

6037 

5833 

6630 

6822 

6619 

6815 

7U1  • 

41 

4936 

6839 

5543 

6846 

6454 

6757 

7061 

7865 

48 

6133 

6444 

5756 

6067 

66i>g 

7000 

7811 

7628 

48 

5835 

6654 

5972 

6891 

6928 

7846 

7566 

7888 

44 

6641 

5867 

■6193 

6619 

7170 

7496 

7828 

8148 

45 

6750 

6063 

6417 

6750 

7417 

7750 

8068 

8417 

46 

5963 

6804 

6644 

6985 

7667 

8007 

8848 

8669 

47 

6180 

6628 

<876 

7824 

7920 

8869 

6617 

8965 

48 

6400 

6756 

7111 

7467 

8178 

8(^88 

6889 

9844 

49 

6624 

6967 

7850 

7713 

Jn^ 

0165 

9S28 

60 

6852 

7822 

7603 

7963 

8704 

9074 

0444 

0615 

61 

7083 

7461 

7839 

6817 

8072 

9860 

0728 

10106 

68 

7819 

7704 

8069 

8474 

0844 

9680 

10016 

10400 

68 

7557 

7960 

6»13 

8735 

9620 

9018 

10806 

10696 

64 

T900 

8800 

8600 

9000 

9600 

10800 

10600 

11000 

66 

8046 

8454 

8861 

9869 

10063 

10491 

10696 

11806 

66 

8896 

6711 

9126 

0641 

10870 

10785 

11800 

11615 

67 

8660 

8072 

9894 

9617 

10661 

11068 

11606 

11028 

58 

8807 

9837 

9667 

10096 

10956 

11885 

11815 

18844  * 

60 

9060 

9606 

9043 

10880 

11854 

11001 

18186 

18666 

60 

9883 

0778 

10822 

10667 

11656 

18000 

18444 

18869 

• 

404 


TABUS  XXX. -CUBIC  YARDS  PER  100  FEET.     SLOPES  Vrl. 


— V 

* 

Base 

Base 

Base 

BOSA 

20 

28 

80 

32 

78. 

107 

115 

122 

163 

222 

287 

252 

256f 

844 

867 

889 

S66 

474 

604 

638 

463 

611 

648 

685 

678 

766 

800 

844 

700 

907 

959 

1011 

830 

1067 

1126 

1186 

967 

1233 

1800 

1867 

1111 

1407 

1481 

1566 

1963 

1689 

1670 

1762 

1422 

J778 

1867 

1056 

1589 

1974 

2070 

2167 

1763 

2178 

2281 

2385 

1944 

2889 

2500 

2611 

2133 

2607 

2'iV6 

2844 

2330 

2883 

2)}59 

3085 

2583 

8067 

3200 

3333 

2744 

8307 

3448 

3589 

2963 

3556 

8704 

8862 

3189 

8811 

8967 

4122 

3422 

4074 

4287 

4444 

3663 

4344 

4616 

4685 

39n 

4622 

4800 

4978 

4167 

4907 

6098 

5278 

4430 

6200 

6893 

5586 

4700 

6500 

6700 

5900 

4978 

5807 

6015 

6222 

6263 

6122 

6337 

6552 

5556 

6444 

6667 

6889 

6856 

6774 

7004 

7283 

6163 

7111 

7848 

7585 

6478 

7466 

7700 

7944 

6800 

7807 

8059 

8811 

7180 

8167 

8426 

8C85 

7467 

8588 

8800 

9067 

7811 

8907 

9181 

9456 

8163 

9289 

9570 

9862 

8522 

9678 

90C7 

10256 

8889 

10074 

10370 

10667 

9263 

10478 

10781 

11065 

9644 

10889 

11200 

11511 

10033 

11307 

11626 

11944 

10480 

11738 

12059 

12385 

10838 

12167 

12500 

12883 

11244 

12007 

1^048 

lii 

11668 

18056 

13404 

12089 

18611 

18867 

14232 

12522 

18974 

14387 

14700 

12963 

14444 

14815 

15185 

13411 

14922 

15300 

15678 

13867 

16407 

15703 

16178 

14330 

15900 

16298 

16685 

14800 

16400 

16800 

17200 

15278 

16907 

17316 

17722 

16768 

17422 

17887 

18252 

16256 

17044 

18367 

18789 

16756 

18474 

18904 

19833 

17863 

19011 

19448 

19886 

17778 

19660 

90000 

20444 

Depth 

Base 

Base 

d 

12 

14 

1 

48 

.  56 

2 

104 

119 

8 

167 

189 

.4 

287 

267 

•6 

815 

852 

6 

400 

444 

7 

493 

644 

8 

698 

652 

9 

700 

767 

10 

815 

889 

11 

987 

1019 

12 

1067 

1156 

13 

1204 

1300 

14 

1848 

1452 

15 

1500 

1611 

16 

1669 

1778 

17 

1826 

1952 

•   18 

2000 

2133 

19 

2181 

2822 

20 

2370 

2519 

21 

2667 

2722 

22 

2770 

2933 

28 

2981 

8162 

24 

8200 

8378 

26 

8426 

8611 

«  26 

8659 

8852 

27 

8900 

4100 

28 

4148 

4856 

29 

4404 

4619 

30 

4667 

4889 

81 

4987 

6167 

82 

5215 

6452 

88 

6500 

6744 

84 

6793 

6044 

86 

6098 

6862 

86 

6400 

0667 

87 

6716 

6989 

88 

7037 

7819 

89 

7367 

7656 

40 

7704 

8000 

41 

8048 

8352 

42 

8400 

8711 

48 

8769 

9078 

44 

9126 

9452 

45 

9600 

9838 

46 

9881 

10222 

47 

10270 

10619 

48 

10607 

11028 

40 

11070 

11488 

60 

11481 

11852 

61 

11900 

12278 

62 

12326 

12711 

68 

1;3759 

13152 

64 

13200 

18600 

66 

13648 

14056 

66 

14104 

14519 

67 

14567 

14989 

68 
69 

15087 

16467 

16616 

15968 

1    00 

10000 

10444 

• 

Base 
16 

63" 

.  133 

211 

296 

389 

489 

,  696 

'711 

883 

963 

1100 
1244 
1896 
1666 
1722 
1896 
2078 
2267 
2463 
2667 

2878 
8096 
8822 
8566 
8796 
4044 
4800 
4563 
4883 
5111 

5896 
5689 
6989 
6296 
6611 
6933 
7263 
7600 
7944 
8296 

8650 

9022 

9896 

9778 

10167 

10568 

10967 

11378 

11790 

12222 

12656 
13090 
18544 
14000 
14408 
14088 
15411 
15890 
16880 
10880 


Base 
18 


70 
148 
233 
826 
426 
533 
648 
770 
900 
1037 

1181 
1333 
1493 
1659 
1883 
2015 
2204 
2100 
2604 
2815 

8083 
8259 
8493 
8783 
8981 
4287 
4500 
4770 
5048 
5333 

6626 
5926 
6288 
6548 
0870 
7200 
7537 
7881 
8288 
8593 


9715 
10104 
10500 
10904 
11316 
11738 
12159 
12598 

13033 
13481 
13987 
14400 
14870 
15348 
15888 
16320 
10680 
17883 


495 


TABLE  XXX. — CUBIC  YABDS  PEK  100  FBBT.      SLOPES  l4  :  1. 


Depth 

Base 

Base 

Baise 

Base 

Base 

Base 

Base 

Base 

d 

12 

14 

16 

18 

20 

28 

80 

82 

1 

« 

56 

64 

71 

79 

108 

116 

188 

2 

107 

122 

•  187 

162 

167 

226 

241 

356 

8 

176 

197 

219 

242 

264 

353 

875 

897 

4 

252 

281 

311 

841 

870 

489 

519 

548 

5 

888 

875 

412 

449 

486 

634 

671 

708 

6 

488 

478 

522 

567 

611 

789 

833 

878 

7 

688 

590 

642 

694 

745 

953 

1005 

1056 

8 

662 

711 

770 

830 

889 

1126 

1185 

1244 

9 

775 

842 

908 

975 

1042 

1308 

1875 

1442 

10 

907 

981 

1056 

1130 

1204 

1600 

1574 

1648 

11 

1049 

1131 

1212 

1294 

1875 

1701 

1782 

1864 

13 

1200 

1289 

1878 

1467 

1556 

1911 

2000 

2089 

18 

1360 

1456 

1558 

1649 

1745 

2181 

2227 

2828 

14 

1580 

1638 

1787 

1841 

1944 

2359 

2468 

2567 

15 

1708 

1819 

1981 

2042 

2158 

2597 

2708 

2819 

16 

1896 

2315 

2188 

2252 

2870 

2844 

2968 

8081 

17 

2094 

2219 

2845 

2471 

2597 

3101 

8227 

8858 

18 

2800 

2433 

2567 

270») 

2883 

3867 

8500 

8688 

19 

2516 

2656 

2797 

2938 

3079 

364-2 

8782 

8923 

20 

2741 

2889 

8087 

8185 

3883 

8926 

4074 

4222 

21 

2975 

8131 

3236 

3442 

;»97 

4220 

4375 

4581 

22 

3219 

8881 

3644 

3707 

8870 

4522 

4685 

4848 

28 

8471 

3642 

3812 

3982 

4153 

4884 

6005 

6175 

24 

8783 

8911 

4089 

4267 

4444 

5156 

5383 

6511 

25 

4005 

4190 

4375 

4560 

4745 

5486 

6671 

5856 

26 

4285 

4478 

4870 

4363 

5056 

6826 

6019 

6211 

27 

4575 

4775 

4975 

5175 

6375 

6175 

6375 

6675  ■ 

28 

4874 

5081 

6289 

5496 

5704 

65^.3 

6741 

6948 

29 

6182 

5397 

5612 

5827 

6042 

6901 

7116 

7881 

80 

5500 

5722 

5944 

6167 

6389 

7278 

7500 

7722 

81 

5827 

6056 

6286 

6516 

6745 

7664 

7894 

8123 

82 

6163 

6400 

6637 

6374 

7111 

8059 

8296 

6588 

83 

6508 

6758 

6997 

7242 

7486 

8464 

8708 

8968 

84 

6863 

7115 

7367 

7619 

7870 

8878 

9180 

9881 

35 

7227 

7486 

7745 

8005 

8264 

9801 

9560 

9619 

86 

760O 

7867 

8183 

8400 

8667 

9733 

10000 

10267 

87 

7982 

8256 

8531 

8805 

9079 

10175 

10449 

10728 

88 

8374 

6666 

8987 

9219 

9500 

10626 

10907 

11189 

89 

8775 

9064 

9863 

9642 

9931 

11086 

11375 

11664 

40 

9185 

9481 

9778 

10074  • 

10870 

11566 

11852 

12148 

41 

9605 

9908 

10212 

10516 

10819 

12034 

12388 

12642 

42 

10088 

10344 

10656 

10967 

11278 

12522 

12883 

18144 

48 

10471 

10790 

11108 

11427 

11(45 

13020 

18388 

18666 

44 

10919 

11244 

11570 

11896 

12222 

18526 

198S2 

14178 

45 

11875 

11708 

12042 

12375 

12708 

14042 

14875 

14706 

46 

11841 

12181 

12522 

12868 

18204 

14567 

14907 

15248 

47 

12316 

12664 

13012 

18360 

18708 

15101 

15449 

157W 

48 

12800 

13156 

13511 

13867 

14222 

15644 

16000 

16856 

49  ' 

18294 

13656 

14019 

14882 

14745 

16197 

16560 

16923 

60 

18796 

14167 

14587 

14907 

15278 

16759 

17180 

17500 

51 

14308 

14686 

15064 

15442 

15819 

17831 

17708 

18063 

62 

14830 

15215 

15600 

15985 

16870 

17911 

18296 

18681 

58 

15860 

15753 

16145 

16588 

16931 

18501 

18894 

19286 

54 

15900 

163U0 

16700 

17100 

17500 

19100 

195U0 

199C0 

55 

16449 

16856 

17264 

17671 

18079 

19708 

20116 

90688 

56 

17007 

17422 

17887 

18252 

18667 

20826 

20741 

81156 

57 

17575 

17997 

18419 

18442 

19264 

20958 

21875 

81797 

58 

18152 

18581 

19011 

19441 

19870 

21589 

22019 

88448 

59 

1H788 

19175 

19612 

20049 

20486 

22284 

22671 

88106 

•  60 

19388 

19778 

202l£2 

20667 

21111 

22889 

28888 

88778 

496 
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TABLE  XXX.-CUBIC  TABDS  PER  100  ^BBT.     SLOPES  1^  :  1. 


Depth 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

d 

12 

14 

16 

18 

20 

28 

30 

82 

1 

50 

57 

65 

72 

80 

109 

117 

124 

2 

111 

1» 

141 

156 

170 

230 

244 

259 

8 

188 

2P6^ 

228 

250 

272 

861 

883 

406 

4 

267 

296 

826 

856 

885 

504 

538 

563 

6 

861 

898 

485 

472 

509 

657 

694 

731 

6 

467 

511 

656 

600 

644 

828 

867 

911 

7 

688 

685 

687 

789 

791 

996 

1050 

1102 

8 

711 

770 

880 

889 

948 

1186 

1244 

1804 

9 

860 

917* 

968 

1060 

1116 

1383 

1450 

1517 

10 

1000 

1074 

1148 

1222 

1296 

1693 

1667 

1741 

11 

1161 

1248 

1384 

1406 

1487 

1818 

1*894 

197S 

13. 

1888 

1422 

1511 

1800 

1689 

8044 

2133 

2822 

18 

1617 

1613 

1709 

1806 

1902 

2287 

2383 

2480 

14 

1711 

1815 

1919 

2022 

2126 

2541 

2644 

8748 

15 

1917 

2028 

8189 

2250 

2361 

2806 

2917 

3088 

16 

8188 

2852 

2370 

2489 

2007 

8061 

3800 

8819 

17 

8861 

2487 

8613 

2739 

2865 

8369 

3494 

8620 

18 

8600 

2788 

2867 

3000 

8188 

3667 

3800 

3988 

19 

2860 

2991 

3131 

3272 

8413 

8976 

4117 

4257 

SO 

8111 

8259 

3407 

8556 

8704 

4296 

4444 

4592 

SI 

8888 

8589 

8694 

8850 

4005 

4628 

4783 

4989 

23 

8667 

8830 

3998 

4156 

» 

4970 

5133 

5296 

fa 

8961 

4181 

4802 

4472 

6884 

5494 

5665 

fa 

4267 

4444 

4623 

4800 

4978 

5689 

5867 

6044 

S6 

4588 

4769 

4954 

5189 

5324 

6065 

6250 

6485 

96 

4911 

6104 

6296 

5489 

5681 

6452 

6644 

6887 

27 

5260 

6450 

5650 

5850 

6050 

6850 

7050 

7260 

88  . 

5600 

5807 

6016 

6222 

6430 

7259 

7467 

7674 

89 

5961 

6176 

6391 

6606 

6820 

7680 

7894 

8109 

80 

6388 

6656 

6778 

7000 

7222 

8111 

8888 

8555 

81 

6717 

6946 

7176 

7406 

7635 

8554 

8783 

9013 

88 

7111 

7848 

7685 

7828 

8059 

9007 

9244 

9488 

88 

7517 

7761 

8006 

8250 

8494 

9472 

9717 

9962 

84 

7988 

8186 

8487 

8689 

8941 

994B 

10800 

10452 

85 

8861 

8680 

8880 

9189 

9896 

10435 

10694 

10954 

86 

8800 

9067 

9333 

9600 

9867 

10938 

11200 

11467 

87 

9860 

9584 

9796 

10072 

10346 

11443 

11717 

11991 

88 

9711 

9998 

10274 

10566 

10837 

11963 

12244 

12526 

89 

10188 

1M78 

lorei 

11060 

11339 

12494 

12783 

13072 

40 

10667 

10968 

11269 

11556 

11852 

13037 

13333 

13680 

41 

11161 

11466 

11769 

12072 

12376 

18591 

13894 

14198 

42 

11667 

11978 

12289 

12600 

12911 

14156 

14467 

14778 

48 

12188 

12502 

12820 

13139 

13457 

14781 

15050 

15369 

44 

187n 

18037 

18363 

18689 

14015 

15319 

15644 

15970 

45 

18860 

18588 

18917 

14260 

14588 

15917 

16250 

16583 

46 

18800 

14141 

14481 

14822 

15168 

16526 

16867 

17207 

47 

14861 

14709 

16057 

15406 

16754 

17146 

17494 

17848 

48 

14938 

15289 

15644 

16000 

16856 

17778 

18188 

18489 

49 

15517 

15880 

16248 

16606 

16968 

18420 

18783 

19146 

60 

16111 

16481 

16862 

17222 

17592 

19074 

19444 

19815 

'61 

16717 

17094 

17472 

17850 

18888 

19789 

20117 

20494 

68 

17888 

im9 

18104 

18489 

18874 

20415 

20800 

21185 

68 

17961 

18854 

18746 

19139 

19531 

21102 

21494 

21887 

64 

18600 

19000 

19400 

19800 

80200 

21800 

22200 

22600 

6i 

19850 

19657 

20065 

80472 

20880 

22509 

22917 

23324 

66 

19911 

20326 

20741 

21156 

21570 

23230 

23644 

24059 

67 

20588 

21006 

21428 

21850 

22272 

23961 

24383 

248a5 

68 

21267 

21696 

22126 

22556 

22985 

24704 

25133 

25563 

69- 

21961 

22898 

28885 

23272 

23709 

25457 

25894 

26832 

60 

22667 

28111 

28566 

24000 

24444 

26222 

26667 

27111 

m 
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TABLE  ZZX-^OUBIC  YARDS  PER  100  FEET.     SLOPES  8  :  1. 


Depth 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

d 

12 

14 

16 

18 

20 

28 

80 

32 

1 

56 

63 

70 

78 

85 

115 

188 

180 

2 

188 

148 

168 

178 

198 

268 

267 

881 

8 

288 

256 

278 

300 

822 

411 

433 

456 

4 

866 

885 

416 

444 

474 

698 

688 

668 

5 

500 

537 

574 

611 

648 

796 

838 

870 

6 

667 

711 

756 

800 

844 

1022 

1067 

1111 

7 

866 

907 

950 

1011 

1068 

1870 

1883 

1874 

8 

1067 

1126 

1185 

1244 

1304 

1541 

1600 

1659 

9 

1800 

1867 

1488 

1500 

1567 

1883 

1900 

1967 

10 

1656 

1630 

1704 

1778 

1862 

2148 

2288 

9996 

11 

1888 

1916 

1996 

2078 

2159 

2485 

2567 

8648 

19 

8188 

2222 

9811 

2400 

.2489 

2844 

2938 

8028 

18 

2456 

2552 

2648 

2744 

2841 

8226 

8322 

8419 

14 

2800 

2904 

8007 

8111 

3215 

8630 

8738 

8837 

16 

8167 

8878 

8389 

8500 

8611 

4056 

4167 

4278 

16 

8566 

8674 

8798 

8911 

4060 

4504 

4622 

4741 

17 

8967 

4008 

4219 

4344 

4470 

4974 

5100 

5226 

18 

4400 

4588 

4667 

4800 

4938 

5467 

5600 

5733 

19 

4866 

4996 

5187 

6278 

6419 

5981 

6122 

6868 

20 

5338 

5481 

5630 

5778 

6926 

6519 

6667 

6815 

81 

6888 

5989 

6144 

6800 

6456 

7078 

7288 

7889 

22 

6356 

6519 

6681 

6844 

7007 

7659 

7822 

7985 

28 

6900 

7070 

7241 

7411 

7581 

8268 

8433 

8504 

94 

7467 

7644 

7828 

8000 

8178 

8889 

0067 

0144 

85 

8056 

8241 

8426 

8611 

8796 

9537 

9722 

9807 

86 

8667 

8859 

9058 

0844 

9437 

10207 

10400 

10693 

27 

9300 

9500 

9700 

9900 

10100 

10900 

11100 

11300 

88 

9066 

10168 

10370 

10678 

10786 

11615 

11822 

18060 

29 

10688 

10848 

11068 

11278 

11493 

12852 

12567 

12781 

80 

11888 

11666 

11778 

12000 

ig^ 

18111 

18383 

18656 

81 

12056 

12886 

12515 

12744 

12974 

13893 

14122 

14352 

88 

18800 

18037 

18274 

18611 

18748 

14696 

14988 

15170 

88 

18567 

18811 

14056 

14300 

14514 

15522 

15767 

16011 

84 

14866 

14607 

14859 

15111 

15363 

10370 

16622 

16874 

86 

15167 

15426 

15685 

16044 

16204 

17241 

17600 

17759 

86 

16000 

16267 

16583 

16800 

17067 

18183 

18400 

18667 

87 

16856 

17130 

17404 

17678 

17952 

19048 

19882 

19596 

88 

17738 

18016 

18296 

18678 

18859 

19985 

20267 

20548 

80 

18688 

18922 

19211 

19500 

19789 

80044 

81888 

81688 

40 

19566 

19862 

20148 

20444 

20741 

21926 

22222 

22516 

41 

20500 

20804 

21107 

21411 

91718 

88080 

88888 

88687 

42 

21467 

21778 

22069 

22400 

22711 

28956 

24267 

84578 

48 

83456 

22774 

23098 

23411 

28780 

25004 

86888 

85641 

44 

23467 

23793 

24119 

24444 

247r0 

26074 

86400 

26726 

45 

24500 

24833 

25167 

25500 

95888 

37167 

87600 

87888 

46 

25556 

25896 

26237 

2&578 

26919 

28281 

28622 

28968 

47 

96688 

26981 

27330 

27678 

28026 

29419 

29767 

80116 

48 

27788 

28089 

iH! 

38800 

m 

80578 

80988 

81289 

40 

28866 

29219 

89044 

81759 

88188 

88486 

50 

80000 

80870 

30741 

31111 

81481 

82968 

88333 

88704 

-  51 

81167 

81544 

81928 

82300 

88678 

84189 

84567 

84944 

52 

82856 

82741 

33126 

38511 

33806 

85487 

,S5822 

36207 

58 

88567 

33959 

84359 

84744 

85187 

86707 

87100 

87498 

54 

84800 

35200 

35600 

36000 

86400 

38000 

S8400 

38800 

65 

86066 

36463 

86870 

87878 

87686 

89315 

89728 

40180 

66 

87333 

87748 

88168 

88578 

38993 

40652 

41067 

41481 

57 

88688 

89056 

89478 

89900 

40388 

48011 

42488 

48856 

58 

39956 

40885 

40615 

41244 

41674 

43393 

43822 

44252 

60 

41800 

41737 

42174 

48611 

48048 

44796 

46888 

46670 

60 

42667 

43U1 

43556 

44000 

44444 

46288 

46667 

47111 

489 


TABLE  XXXI.— USEFUL  NUMBERS  AND  FOKBCULJB. 


Title. 

SymboL 

Number. 

Logar 
rithm. 

Ratio  of  circumference  to  diameter 

It 

8.14159^ 

0.4871499 

Rwriprooal  of  Rame 

^ 

0.8188099 

9.5028601 

Degrees  in  arc  of  length  equal  to  radius 

1C 

180» 
7t 

67.295780 

1.7581226 

Minutes     "          "          "         "         "    .... 

loeoc 

TC 

8487.7468 

8.6862789 

Seconds     "          "          **         "         "    .... 

648000' 
It 

206264.81 

6.8144251 

Lenirth  of  !•  arc.  radius  unity 

It 

.01746829 

8.2418774 

Lemrth  of  1' arc.      "          "    

180* 
It 

.00029069 

6.4687261 

Lenirth  of  1' arc.      **          **    

10600 

n 

.000004848 

4.6866749 

Radius  by  which  1  foot  of  arc  =   1  degree. 

648000 

67.295780 

1.7581226 

Radius  **       "      A    "       "      =    1  minute. 

848.77468 

2.5802789 

Radius  "       "     rh  "       **      =  10  seconds 

206.26481 

2.8144251 

Factors  for  dividing  a  line  into  extreme  1 

0.6180340 

9.7910124 

and  mean  ratio ) 

0.8819660 

9.5820248 

Base  of  hyperbolic  logarithms 

P 

2.7182818 

0.4842945 

Modulus  of  common  system  of  logs.  =  log  s 

M 

0.4842946 

9.6877848 

Reciprocal  of  same  =  hyp.  loir.  10 

1 

2.8025861 

0.8622167 

Length  of  seconds  i>endulum  at  New  York 

M 

in  inches 

89.11256 

1.6928162 

Length  of  seconds  pendulum  at  New  York 

in  feet 

9 

8.25938 
82.1688 

0.5181860 
1.6074847 

Acceleration  due  to  gravity  at  New  York, . . 

Square  root  of  same 

^ 

5.67175 

0.7587173 

Yards  in  1  metre 

1.098628 
8.280869 
89.87048 

0.08R8676 
0.6159889 
1.5951701 

Feet     in  1     "     

Inches  in  1     "     ..^ 

Metres  in  1  foot 

0.804797 
0.914892 

9.4840111 
9.9611824 

Metres  in  1  yard 

Metres  in  1  mile , 

1609.880 

8.2066460 

500 


TABLE  XXXI. -USEFUL  NUMBERS  AND  FORMULAE, 


Title. 

Symbol. 

Number. 

Loga- 
rithm. 

Cubic  inclies  in  1  U.  S^  eallon 

281. 

2.8686120 

"           **      •'   1  Imperial  irallon 

277.274 

2.4129002 

*♦          ♦»      "   1  U.  S.  bushel 

2150.42 
0.13S681 

3.8825883 

Cubic  feet  in  1  U.  S.  crallon 

0.1260688 

'*         "    "  1  Imperial  eallon 

0.160460 

"         **    **  1  U.  S.  bushel 

1.214456 

0.0040790 

Weight  of  1  cub.  foot  of  water,  barom.  SO  in. 

ther.  89*».88  Fah. ;  pounds. . 

62.8^9 

1.7960684 

.*       QgO 

62.321 

1.7946849 

"Weight  in  grains,  1  cubic  inch,  at  62°  Fah. . 

252.458 

2.4021892 

No.  of  erains  in  1  pound  avoir. 

7000. 

8.8450960 

"       "        "  1  ounce      "    

437.5 

2.6409781 

r  =  radius  of  circular  arc ; 

I    —  length  of  arc; 

a**  =  degrees  in  same  arc. 


a" 

= 

I 

• 

r 

180° 

7t 

r 

= 

I 

ISO* 

7t 

1 

rtO* 

It 

180* 


a' . 


Radius  by  which  the  length  of  chord  c  in  feet  =  —  in  minutes; 


10  sin  \ifi; 

Hyp.  log  X  =  com.  log  x  X  -^^  or 

M 

com.  log  (hyp.  log  x)  =  com.  log  (com.  log  x)  -f  0.862215T 
Com.,  log  X  =  Mx  hyp.  log  a; ;  or 

com.  log  (com.  log  x)  =  9.6377843  -f-  com.  log  (hyp.  log  x) 

Circumference  of  circle  (radius  =  r) ^IC^ 

Area  of  circle Jt*^ 


Area  of  sector  (length  of  arc  =  I) 

Ai*ea  of  sector  (angle  of  arc  =  a°) 

Approximate  area  of  segment  (chord  =  c,  mid.  ord.  =  m) 


860 


Wr 


itr* 


Hem 


501 


APPEl^DIX. 


Verlflcatlon  of  eq.  (77). 


sin  Q  Q 

Bq.  (76)  p  = -.  =5  gin  0 .  oosee  jr 

sin  '■^ 


— Q-  ss  cog  0  .  cosec  —  -  —  .  sin  0  .  cot  j^  .  cosec  --         76J^ 


d/9  /  1         0\ 

■d0-  =  p^cot0--cot^j  (77) 

Yeriflcation  of  eq.  (81). 
Differentiating  eq.  (76^) 

d«p  ,    ^  Q  «  «  0  0 

""^ip-  =  -  sin  0  cosec  -^  -   ^^  cos  0  cot  »  cosec  -^  -f 

1    -,    ^       .   9  6         1  0 

-^  Bin  0  oot»  -^  cosec  -^  -(-  ^  g,n  0  cosec*  ^ 


8P        '«  0  /o   /  0  0  \ 

='-/>~ir''''*^-  ^^'  2^4-j^\cot«  ^  +  cosec*    -^ 

« 

•d0s  -P  \  -  J  -  J?  cot0cot  ^  +  -^-(8  cof  ^  tl)) 


•  • 


Now 


APPENDIX.  ^  8 


dp  ,  ^       dV         ^ ,  ^ 

in  which  substitute  for  -^     ,  aaid  for       '    ,  and  let. 


1  0 

cot  Q"   j^  cot  73  =  "■  * 


(p«  +  p»(-a)«)* 


0«4-2p«(-a)«  -  /0»(-  1  -  ;!  cot  0  cot^  +  -i^(2cot>-^  +  l)| 


=  ^  .- 


(1  +  a«)* 


2  1  A  1  A  1 

H-a«+  ^  cotQ.cot    ±  _--J-cot«   _   -^ 


~  a" 


l-2i^i  +  a»+^  cot  j^^ote-    ^cot  j^j 


_  p  (l+a»)* 

"■  "2 


^-2^  +  "(«-F^°*  j^) 


o  (14-  a«)3 


2  ii 


